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CHAPTER  9.  THE  STRATOSPHERIC  TRANSPORT  OP  PLUTONIiJM-238 
FROM  THE  APRIL  1964  SNAP-9A  BURNUP 


9.1  In.jection  of  SNAP-9A  Plutonium-238 

Plutonium-238  was  injected  into  the  upper  stratosphere  on  21  April  1964 
when  a  Transit  navigational  satellite  carrying  a  SNAP-9A  power  source,  which  con¬ 
tained  17  kilocuries  of  plutonium-238,  failed  to  achieve  orbit  and  burned  up  upon 

52,53,54 

reentry  into  the  atmosphere  .  Presumably  the  debris  from  the  SNAP-9A 

was  distributed  initially  in  the  atmospheric  layer  between  30  and  100  kilometers 

altitude,  and  thus  had  an  initial  distribution  similar  to  that  of  debris  from 

54 

the  Orange  event  in  the  1962  Hardtack  series  of  nuclear  weapons  tests  •  It 
was  of  great  interest,  therefore,  to  monitor  the  transfer  of  the  SNAP-9A 
plutonium-238  from  the  upper  to  the  lower  stratosphere,  and  from  the  lower 
stratosphere  to  the  troposphere  and  to  the  surface  of  the  earth.  The  resulting 
information  is  pertinent  to  studies  of  fallout  rates  of  debris  from  nuclear  explo¬ 
sions  in  the  upper  atmosphere  as  well  as  to  studies  of  potential  atmospheric  con¬ 
tamination  resulting  from  the  use  of  nuclear  power  sources  in  space. 

9.2  First  Detection  of  Plutonium-238  from  the  SNAP-9A  Burnup 

The  first  detection  of  SNAP-9A  plutonium-238  was  in  filter  samples 
collected  by  the  USAEC  high  altitude  balloon  program^  at  33  kilometers  at 
34°S  in  August  1964,  and  in  January  1965  it  was  detected  in  the  Northern 
Hemisphere  in  samples  collected  at  32.6  and  33.2  kilometers  at  3l°N.  Results 
of  measurements  of  subsequent  balloon  samples  permitted  the  tracing  of  the  grad¬ 
ual  descent  of  the  SNAP-9A  debris  to  lower  levels.  The  first  definite  detection 
of  this  debris  in  STARDUST  samples  was  in  samples  collected  in  May  1965  at  19  and 
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'JO  kilometers  between  38°S  and  55°S.  The  plutonium-238  concent  rat  foils  in  tlie 
lower  northern  polar  stratosphere  attributable  to  SNAP-DA  debris  incivu.sed  grad¬ 
ually  during  1965.  By  October  and  November  1965  half  of  the  plutonium-'J38  in 
some  samples  collected  in  this  region  could  be  attributed  to  the  SNAP-9A  source. 
STARDUST  sampling  was  limited  in  latitudinal  coverage  during.  December  1965,  but 
evidently  the  influx  of  SNAP-9A  debris  into  the  lower  stratosphere  of  tlie 
Northern  Hemisphere  had  greatly  accelerated  by  then,  for  one  sample  contained 
twice  as  much  SNAP-9A  plutonum-238  as’  had  any  previously  collected  in  that 
region. 

9.3  Distribution  of  SNAP-9A  Plutonium-238  from  March  to  December  1965 

The  plutonium-238  concentrations  and  the  Pu“3^/Pu“a*'>  activity  ratios 

measured  in  samples  collected  during  each  month  between  March  and  December  1965 

are  plotted  in  Figures  83  to  88.  In  these  cross  sections  a  horizontal  line  is 

drawn  representing  the  flight  track  followed  during  the  collection  of  each 

sample.  The  plutonium-238  concentrations,  in  pCi/100  SCM,  are  given  in  the  upper 

238  239 

haLves  of  the  figures,  and  the  Pu“  /Pu  ratios  are  given  in  the  lower  halves. 

A  diagrammatic  representation  of  the  tropopause  is  given  in  each  figure  for  gen¬ 
era]  reference.  The  data  are  placed  in  parentheses  when  it  is  suspected  that  ar. 
error  has  been  made  in  the  flight  data  supplied  with  the  sample  or  during  the 
analysis  of  the  sample. 

It  appears  that  Pu“  /Pu“  ratios  between  0.02  and  0.04  are  typical 
of  debris  from  nuclear  weapon  tests,  for  results  of  nearly  all  analyses  of 
STARDUST  samples  collected  before  May  1965  in  the  Southern  Hemisphere  and  before 
September  1965  in  the  Northern  Hemisphere  fell  within  that  range.  No  clear  sign 
of  SNAP-9A  debris  was  found  in  samples  collected  during  March  1.965  (Figure  83) 
or  April  1965  (Figure  84). 
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83.  DISTRIBUTION  OF  Rj-236  AND  OF  THE  ACTIVITY  RATIO  Pu*238/Rj*239  DURING  MARCH  1965 
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FIGURE  85.  DISTRIBUTION  OF  Pu-238  AND  OF  THE  ACTIVITY  RATIO  Ptr238/Pu-239  DURING  MAY  1965 
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During  May  1965  SNAP-9A  debris,  identified  botli  by  relatively  high 

■’38  °39 

plutonium-238  concentrations  and  by  relatively  high  Pu“  Pu“  ratios,  was 
found  in  samples  collected  at  19  and  20  kilometers  at  38°  -  55°S  (Figure  85). 
Still  higher, concentrations  of  SNAP-9A  debris  were  found  in  this  region  during 
June  to  August  1965  (Figures  86  to  88).  Indeed,  the  concentrations  in  the 
lower  southern  polar  stratosphere  generally  continued  to  increase  slowly  dur¬ 
ing  September  to  December  1965  (Figures  89  to  92).  It  is  evident  from  the 
data  in  Figures  85  to  92  that  the  SNAP-9A  debris  was  spreading  equatorward 
and  downward  within  the  lower  southern  stratosphere  during  the  final  two  thirds 
of  1965. 


Apparently  a  slow  influx  of  SNAP-9A  debris  into  the  lower  northern 

238  239 

polar  stratosphere  had  begun  by  mid-1965,  for  beginning  in  August  Pu  /Pu 

ratios  greater  than  0.04  began  to  appear  in  samples  in  that  region.  Ratios  of 

0.05  were  measured  in  samples  collected  there  during  August  and  September  1965 

(Figures  88  and  89),  and  a  ratio  of  0.06  was  found  in  an  October  sample 

(Figure  90),  0.08  in  two  November  samples  (Figure  91),  and  0.14  in  a  December 

sample  r  .ire  92).  Evidently  the  influx  of  SNAP-9A  debris  accelerated  with 

the  c  if  the  winter  circulation. 

By  combining  STARDUST  data  with  data  from  the  USAEC  high  altitude 
49  50  5j 

balloon  sampling  program  ’  ,  one  may  obtain  a  picture  of  the  downward 

movement  of  the  SNAP- 9A  debris  within  the  stratosphere  during  1964  and  1965. 
Results  of  plutonium-238  measurements  performed  during  these  two  programs  on 


samples  collected  at  35°  -  45°S,  at  5°  -  10°N,  at  30°  -  40°N,  and  at  65°  -  70°N 
are  plotted  in  Figures  93,  94,  95  and  96  respectively. 
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FIGURE  92  DISTRIBUTION 
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At  35°  -  45°S  (Figure  93)  the  plutonium-238  concent  rat ions  at  32  and 
then  at  27.5  kilometers  increased  during  the  late  winter  and  early  spring  seasons 
(August-Oetober)  of  the  Southern  Hemisphere  during  1964  as  SNAP-9A  debris  moved 
downward  from  the  higher  levels  where  it  had  been  injected  in  April  1964  (and 
perhaps  as  it  moved  equatorward  from  higher  latitudes  where  most  of  the  down¬ 
ward  movement  may  actually  have  occurred.)  Little  additional  downward  movement 
of  the  SNAP-9A  debris  occurred  at  35°  -  45°S  during  October  1964  to  March  1965 
(the  summer  season  of  the  Southern  Hemisphere),  but  during  April  to  August 
.1965  (the  autumn  and  the  winter  seasons)  the  debris  moved  downward  again, 
reaching  the  level  of  the  tropical  tropopause  in  detectable  quantities.  This 
downward  motion  of  the  debris  resulted  in  about  a  tenfold  decrease  in  the 
plutoni.um-238  concentrations  at  32  kilometers.  After  August  1965  any  addition¬ 
al  downward  movement  of  the  SNAP-9A  debris  at  35°  -  45°S  was  slow,  as  the 
winter  circulation  gave  way  to  the  spring  and  summer  circulation  of  the  strato- 
spheie . 

At  5°  -  10°M  (Figure  94)  in  the  tropical  stratosphere  SNAP-9A  debris 
was  present  at  32  kilometers  by  the  beginning  of  1965,  but  had  not  reached  19.8 
kilometers  by  November  1965. 

In  the  northern  polar  stratosphere  (Figures  95  and  96)  SNAP-9A 
plutonium-238  reached  27  kilometers,  coming  from  the  region  above  32  kilometers 
during  the  winter  of  1964-1965,  and  reached  24  kilometers  during  the  spring  and 
summer  of  1965.  It  was  not  until  December  1965,  after  the,  winter  circulation 
of  the  polar  stratosphere  had  again  been  established  in  the  Northern  Hemisphere* 
that  it  reached  19.8  kilometers  at  30°  -  40°N  (and  presumably  also  at  65°  -  70°N), 
where  it  was  sampled  by  STARDUST  aircraft. 
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FIGURE  93.  PLUTONIUM- 238  ACTIVITIES  ( pCi  Pu-238/  IOO  SCM)  AT  35*-45*S 
DURING  1964  -  1965 
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FIGURE  94.  PLUTONIUM-238  ACTIVITIES  (pCi  Pu-238/IOOSCM)  AT  5-10  N  DURING  1964-1965 
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238  239 

The  value  of  the  Pu  /Pu  activity  ratio  wa.s  approximately  0.U3  in 

STARDUST  samples  collected  in  the  Southern  Hemisphere  before  May  l'>o5  am!  in 

the  Northern  Hemisphere  before  November  1965.  Using  this  value,  then,  as  the 
238  239 

Pu  /Pu  ratio  in  debris  from  nuclear  weapon  tests,  we  have  calculated  the 
weapons  component  of  plutonium-238  in  each  STARDUST  sample  based  on  the  mea¬ 
sured  plutonium-239  concentration  in  the  sample.  We  have  subtracted  this 
weapons  component  from  the  total  plutonium-238  concentration  of  each  sample 
to  determine  the  SNAP-9A  component  (see  Appendix  9-A). 

The  concentrations  of  SNAP-9A  plutonium-238  in  samples  collected 
at  40°S  and  in  samples  collected  at  25°S  have  been  plotted  in  time-altitude 
sections  in  Figure  97  and  concentration  isolines  have  been  drawn  through  the 
data  points.  At  40°S  SNAP-9A  plutonium- 23 8  reached  20  kilometers  during  May 
1965  and  reached  14  kilometers  in  the  vicinity  of  tire  polar  tropopause  in 
August  1965.  At  25°S  the  SNAP-9A  plutonium-238  probably  reached  20  kilometers 
during  June  1965  and  reached  16  kilometers  in  the  vicinity  of  the  tropical 
tropopause  by  September  1965.  It  is  evident  that  the  mechanisms  of  atmospheric 
transport  which  cause  the  movement  of  radioactive  debris  from  the  upper  into 
the  lower  stratosphere  are  capable  of  transferring  significant  quantities  of 
the  debris  through  virtually  the  entire  thickness  of  tire  lower  stratosphere 
over  the  course  of  a  few  months.  Such  rapid  transfer  is  probably  more  readily 
explained  in  terns  of  eddy  diffusion  than  in  terms  of  mean  advective  transport 
within  the  stratosphere. 

After  August  1965  changes  in  the  distribution  of  SNAP-9A  plutonium- 23 8 
at  40°S  occurred  only  slowly.  Presumably  tin's  reflects  a  decrease  in  i lie  rate 
of  vertical  exchange  with  the  onset  of  the  summer  circulation  in  the  southern 
stratosphere.  The  decrease  in  concentrations  in  the  layer  between  12  and  17 
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kilometers  at  40°S  after  October  1965  probably  resulted  from  the  poleward 
migration  of  the  jet  stream  to  latitudes  higher  than  40°  during  1  lie  -priug 
'months,  with  the  resultant  replacement  of  the  low  polar  tropopuuse  by  the 
high  tropical  tropopause  at  40°S. 


9.4  Distribution  of  SNAP-9A  Plutoniuin-238  from  .January  I960  to  .June  1967 


The  concentrations  of  SNAP-9A  plutonium-238  in  samples  collected 
at  three  latitudes  at  19  to  20  km  during  1966  and  19o7  are  included  with  the 
1964  and  1965  data  and  are  plotted  in  Figure  98.  SNAP-9A  plutonium-238 
reached  the  19-  to  20-km  level  at  40°S  during  the  Southern  Hemisphere  winter 
season  in  mid-1965,  with  concentrations  rising  rapidly  from  below  0.05  pCi/100 
SCM  in  April  to  over  1  pC’/lOO  SCM  in  May,  and  to  5  pCi/100  SCM  by  August. 

These  dropped  back  to  a  value  of  about  3  pCi/100  SCM  and  remained  fairly 
steady  during  the  first  six  months  of  1967.  At  70°N  concentrations  increased 
gradually  at  19  to  20  km  during  the  course  of  1965,  but  then  rose  rapidly 
during  the  Northern  Hemisphere  winter  season  of  1965-1966.  They  continued  to 
maintain  the  peak  level  of  1.5  to  2  pCi/100  SCM  to  dune  l‘»67.  Some  SN'A1’-9A 
plutonium-238  was  intercepted  in  the  equatorial  region  at  19  to  20  km  during 
June  1965,  shortly  after  it  reached  the  lower  southern  polar  stratosphere. 

It  was  not  until  late  1965,  however,  when  SNAP-9A  plutonium-238  also  reached 
the  lower  northern  polar  stratosphere,  that  a  sustained  upward  trend  began  in 
the  concentrations  found  at  the  equator.  This  trend  appeared  to  have  terminated 


in  March  1967. 


Plutonium-238  data  from  the  USAEC  balloon  sampling  program^1 


have  been  combined  with  data  from  Project  STARDUST  to  calculate  the  vertical 


profiles  of  SNAP-9A  plutonium-238  concentrations  shown  in  Figures  99  and  100 
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FIG.  98  CONCENTRATIONS  OF  SNAP-9A  PLUTONIUM-238  AT  19-20  km. 
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F16.  99.  VERTICAL  PROFILES  OF  SNAP-9A  PLUTONIUM-238  IN  THE  NORTHERN 
HEMISPHERE  STRATOSPHERE 
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FIG. IOO  VERTICAL  PROFILES  OF  SNAP-9A  PLUTONIUM-  238  IN  THE  EQUATORIAL  ANO 
SOUTHERN  HEMISPHERE  STRATOSPHERE 


ISOTOPES 

A  Teledyne  Company 

In  Figure  99  are  shown  profiles  for  July  1965,  November  1965  and  May -June  1966, 
at  75°  -  60°N,  and  March  1965,  November  1965  and  April  1966  at  50° -  30°N.  It  is 
evident  from  this  figure  that  in  the  northern  polar  stratosphere  during  1905  to 
1966  the  concentrations  of  SNAP-9A  plutonium-238  decreased  with  time  at  the  high¬ 
er  altitudes  and  increased  at  the  lower  altitudes.  Nevertheless,  during  early  ]966 
the  highest  concentrations  were  still  present  in  the  upper  stratosphere,  and  the 
vertical  gradient  was  still  quite  steep  in  the  lower  northern  polar  stratos¬ 
phere.  In  Figure  100  are  shown  profiles  for  April  1965,  September  1965  and  March 
1966  at  10°N  -  10°S,  and  March  1965,  August  1965  and  April  1966  at  30°- 55°S.  In 
the  equatorial  region  there  was  a  steep  vertical  concentration  gradient  during 
1965  to  1966,  with  the  highest  concentrations  at  the  highest  altitudes  sampled. 

The  concentrations  increased  at  all  altitudes,  including  the  highest  sampled, 
during  the  course  of  1965-1966.  Before  May  1965  there  was  a  steep  vertical 
concentration  gradient  at  30°  -  55° S,  with  the  highest  concentrations  at  the 
highest  altitudes  sampled.  By  the  end  of  the  mid-1965  winter  season,  however, 
fairly  uniform  concentrations  were  found  at  all  altitudes  from  25  km  to  the 
highest  altitude  sampled,  about  32  km,  and  significant  concentrations  of  SNAP-9A 
plutonium-238  were  found  at  all  levels  in  the  lower  southern  polar  stratosphere. 

By  April  1966  the  layer  of  rather  uniform  concentrations  appeared  to  extend  from 
26  km  or  higher  down  to  19  km.  No  substantial  change  below  20  km  was  found  up 
to  February  1967. 

The  concentrations  of  SNAP-9A  plutonium-238  measured  in  samples  col¬ 
lected  at  about  20  km  have  been  plotted  on  a  latitude-time  diagram  in  Figure  101, 
together  with  the  flight  tracks  of  the  sampling  aircraft,  and  concentration  iso- 
lines  have  been  drawn  through  the  data.  The  rather  sudden  entrance  of  SNAF-9A 
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plutonium-238  into  the  lower  southern  polar  stratosphere  during  mid- 3.965,  and 
its  apparent  subsequent  equatorvai'd  migration  may  be  seen  in  the  figure.  A 
steep  concentration  gradient  was  established  between  the  southern  polar  and 
southern  tropical  stratosphere  at  about  20°S  during  the  second  half  of  1965, 
and  this  gradient  grew  less  steep  only  slowly  from  then  until  mid-3966. 

Between  mid-1965  and  early  1966  SNAP-9A  plutonium-238  entered  the  lower 
northern  polar  stratosphere  —  at  first  slowly,  during  the  late  summer  and 
the  autumn  seasons,  and  then  rather  rapidly,  during  the  winter  season  —  and 
showed  an  apparent  equatorward  movement  as  it  did  so.  This  movement  ceased 
in  October  1966.  By  the  second  quarter  of  1967  the  concentrations  over  all 
latitudes  sampled  at  20  km  showed  about  a  fourfold  variation,  from  1.5  pCi/100 
SCM  in  the  north  to  0.7  at  the  equator  and  3.0  at  45°S. 

The  concentrations  of  SNAP-9A  plutonium-238  measured  in  samples 
collected  in  a  series  of  latitude  bands  have  been  plotted  on  altitude-time 
diagrams  in  Figures  102  to  105,  together  with  points  representing  sample  collec¬ 
tions,  and  concentration  isolines  have  been  drawn  through  the  data.  Data  for 
75°  -  67°N  and  67°  -  52°N  are  plotted  in  Figure  102,  those  for  52°  -  36°N  and 
36°  -  23°N  in  Figure  103,  those  for  23°  -  9°N  and  9°N  -  10°S  in  Figure  104, 
and  those  for  15°  -  37°S  and  38°  -  55°S  in  Figure  105.  The  downward  movement 
of  plutonium-238  into  the  lower  northern  polar  stratosphere  during  the  1965-1966 
winter  season  is  evident  in  Figures  102  and  103.  It  is  noteworthy  that  by  the 
beginning  of  the  spring  season  in  1966  the  SNAP-9A  plutoriium-238  had  reached  the 
lowest  stratospheric  .Levels  sampled,  in  the  vicinity  of  the  tropopause.  The 
downward  movement  of  SNAP-9A  plutonium-238  into  the  lower  southern  polar  strato- 
spliere  during  the  mi.d-1965  winter  season  is  evident  in  Figure  105.  By  the 
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FIG.  103  SNAP-9A  PLUTONIUM  -  238  CONCENTRATIONS  AT  52°-36*N  AND  36*-23*N 
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FIG.  104  SNAP  -9A  PLUTONIUM  -  238  CONCENTRATIONS  AT  23*-9*N  AND  9^N"I0*S 
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FIG.  105  SNAP-9A  PLUTONIUM  - 238  CONCENTRATIONS  AT  I5«-37«S  ANO  3£f55*S 
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beginning  of  t lie  spring  season  in  late  1°66  plutonium-238  had  reached  the  lowest 
stratospheric  levels  sampled,  in  the  vicinity  of  the  tropopause.  The  movement 
of  plntoriium-238  into  the  tropical  stratosphere  during  late  1965  and  early  1966 
by  downward  and/or  equatorward  migration  is  evident  in  Figure  104. 

The  concentration  isopleths  of  SNAP-9A  plutonium-238  in  the  Northern 
Hemisphere  (Figures  102  and  103)  showed  little  change  during  the  period  from 
mid- 1966  to  mid-1967.  In  the  equatorial  region  the  concentrations  during  this 
period  were  still  slowly  increasing  at  the  19-  and  20-kilometer  levels.  In 
the  region  of  38°to  SS°S  shown  in  Figure  105  a  significant  decrease  in  the  con¬ 
centrations  between  16  and  20  km  is  seen  starting  in  mid-1966. 

One  could  conclude  that  during  late  1966  and  early  1967  at  15  to  20  km 
in  the  Northern  Hemisphere  transfer  of  plutonium-238  to  the  south  or  to  the 
troposphere  was  offset  by  contributions  from  the  upper  stratosphere.  This  could 
imply  that  the  supply  of  plutonium-238  in  the  upper  northern  stratosphere  was 
not  substantially  depleted.  Near  the  equator  contributions  to  the  lower  strato¬ 
sphere  continued  to  be  greater  than  the  amounts  transferred  to  the  troposphere. 
However,  closer  to  the  southern  polar  region  the  contribution  from  the  upper 
stratosphere  was  less  than  that  lost  to  the  troposphere.  Thus  the  concentrations 
remaining  in  the  upper  stratosphere  were  too  low  to  offset  the  effects  of  fall¬ 
out.  Nevertheless  these  remaining  concentrations  are  still  higher  than  those  in 
the  Northern  Hemisphere. 

9.5  Conclusions  on  the  Transport  Mechanism 

58 

Teiegadas  and  List  concluded  that  the  observed  downward  movement 
in  the  northern  polar  stratosphere  of  rhodium-102,  cerium-144  and  strontium-90 
from  the  1958  nuclear  weapon  tests  "suggests  that  mass  movement  rather  than 
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vertical  diffusion  is  the  dominant  mechanism  in  the  polar  winter  stratosphere 

59 

between  14  and  20  km.”  List,  et  al .  believe  that  observations  of  tin*  move¬ 
ment  of  cadmium- 109  in  the  stratosphere  are  compatible  with  that  conclusion. 

It  is  evident  from  the  STARDUST  measurements  of  SNAP-9A  plntouhiin-238, 
however,  that  the  mechanism  of  vertical  transport  of  radioactivity  in  the  polar 
stratosphere  of  both  hemispheres  is  capable  of  moving  significant  quantities  of 
a  tracer  nuclide  from  the  region  above  the  20  km  level  to  below  the  12  km  level 
in  the  course  of  a  single  winter  season.  If  this  transfer  is  attributed  to 
mass  movement  of  the  air,  it  is  implied  that  all  of  the  air  below  the  20  km 
level  in  the  polar  stratosphere  is  transferred  downward  into  the  troposphere 
during  the  course  of  the  winter.  If  this  occurred,  all  of  the  fission  products, 
activation  products  and  cosmic  ray  products  in  the  lower  polar  stratosphere 
would  also  enter  the  troposphere  during  the  winter,  arid  the  highest  rates  of 
fallout  of  these  nuclides  would  occur  in  the  winter  and  not  in  the  spring,  as 
is  actually  observed.  Moreover,  the  replacement  of  the  18  x  10  fy  kg  of  air 
between  12  and  20  km  in  the  polar  stratosphere  (30°  -  90°  latitude)  by  air  moving 
down  from  the  upper  stratosphere  would  also  require  an  influx  of  air  from  the 

tropical  stratosphere  into  the  upper  polar  stratosphere,  for  the  latter  region 

16  16 

contains  only  7  x  10  kg.  If  the  extra  11  x  10  kg  of  replacement  air  came 
from  the  tropical  stratosphere  of  the  same  hemisphere,  all  of  the  air  above  about 
17  km  would  be  required. 

If  this  massive  movement  of  air  occurred,  all  of  the  air  in  the  upper 
atmosphere  —  and  all  of  the  tracer  nuclide  as  well  —  would  be  transferred  into 
the  lower  polar  stratosphere  within  a  single  year,  and  this  is  clearly  not  true. 
In  fact,  more  than  a  year  had  passed  following  their  injections  at  high  altitude 
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before  any  rliod ium- .102,  cadmium- 109  or  plutonium-238  entered  tlu;  lower  strato¬ 
sphere,  and  two  years  after  their  injections  the  concentrations  of  these  nuclides 
in  tlie  upper  stratosphere  were  still  high.  Furthermore,  if  virtually  all  of  the 
air  in  the  tropical  stratosphere  of  each  hemisphere  were  transferred  into  the 
polar  stratosphere  during  the  winter  it  would  have  to  be  replaced  by  air  from 
the  tropical  stratosphere  of  the  other  hemisphere  or  by  tropospheric  air.  If 
the  replacement  came  from  the  stratosphere  of  the  other  hemisphere  one  result 
would  he  a  rapid  equalization  of  concentrations  of  radioactive  debris  within 
the  tropical  stratosphere  of  botli  lieini spheres.  There  was  a  steep  horizontal 
gradient  in  strontium-90  concentrations  within  the  lower  southern  tropical 
stratosphere  (0°  -  30°S),  however,  for  at  least  one  year  following  the  1958  low 
latitude  tests  of  nuclear  weapons,  and  for  two  years  following  the  1962  tests. 

If  the  replacement  came  from  the  troposphere,  the  concentrations  of  radioactive 
debris  in  the  tropical  stratosphere  should  have  become  virtually  zero  within  a 
year  following  the  last  injection  into  that  region.  Quite  the  contrary,  by 
19o5  t he  highest  concentrations  of  strontium-90  were  found  in  the  upper  tropi¬ 
cal  stratosphere. 

We  would  conclude,,  then,  that  the  rapid  movement  of  SNAP-9A  plutonium- 
'138  from  the  upper  stratosphere  down  to  the  level  of  the  tropopause  during  the 
course  of  only  a  single  winter  season  can  best  be  attributed  to  turbulent  exchange 
within  the  winter  polar  vortex.  This  process  would  produce  the  observed  gentle 
concentration  gradient  in  the  Lower  stratosphere,  whereas  downward  mass  movement 
would  produce  in  the  lower  stratosphere  the  same  steep  concentration  gradient 
observed  in  the  upper  stratosphere  during  the  months  which  preceded  the  mass 
movement.  Moreover,  vertical  turbulent  exchange  would  cause  high  concentrations 
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of  the  tracer  nuclides  to  remain  in  the  upper  stratosphere  for  several  years, 
and  this  too  is  observed  to  occur. 

9.6  Calculation  of  the  SNAP-9A  Plutonium-238  Stratospheric  burden 

As  an  increasing  fraction  of  the  SNAP-9A  plutonium-238  has  ei  lerud 
the  lower  stratosphere  it  has  become  possible  to  calculate  more  accurately  the 
stratospheric  burden  of  this  nuclide.  The  total  injection  lias  been  reported^ 
to  be.  17  kilocuries. 

Thus,  except  for  the  negligible  quantity  that  may  have  entered  the 
troposphere  by  early  1966,  the  calculated  stratospheric  burden  should  be  17 
kilocuries.  Using  the  data  from  Project  STARDUST  and  from  the  USAEC  balloon 
program,  however,  we  calculated  the  stratospheric  burden  of  SNAP- 9 A  plutonium-238 
during  September-December  1965  to  be  7.5  kilocuries  according  to  the  distribution 
shown  in  Figure  105-A.  Presumably  this  low  value  resulted  from  our  under¬ 
estimating  concentrations  in  the  upper  atmosphere,  and  perhaps  in  the  lower 
southern  polar  stratosphere. 

By  early  1966  SNAP-9A  plutonium-238  had  entered  the  lower  northern 

polar  stratosphere.  The  estimated  distribution  of  this  nuclide  in  the  STARDUST 

sampling  corridor  during  January  to  April  1966  is  shown  in  Figure  106.  We  have 

extrapolated  this  distribution  into  the  upper  atmosphere  using  data  from  the 

57 

USAEC  balloon  program  and  have  calculated  a  total  stratospheric  burden  of 

12.  kilocurits  of  SNAP-9A  plutonium-238.  The  distribution  of  this  burden  and  of 
that  calculated  for  late  1965  are  summarized  in  Table  109.  According  to  our 
estimate  for  early  1966  only  6.5  kilocuries  had  entered  the  lower  stratosphere 
by  April  1966,  two  years  following  the  injection  of  the  plutonium-238.  Presum¬ 
ably  the  burden  in  the  atmospheric  region  above  22  km  is  more  nearly  10.5  than 
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FIG.  106.  THE  STRATOSPHERIC  DISTRIBUTION  OF  SNAP-9A  PLUTONIUM— 236,  JANUARY*  APRIL- 1966 
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TABLE  109. 

The  Distribution  of  the  Stratospheric 
Plutonium-238  (in  kiloeuries) 

Burden  of 

SNAP-9A 

Altitude 

Latitude 

km 

mb  90-30°N 

30°-0°N 

0-30°S 

30-90°S 

Total 

September-Deeember  1965 

60-22 

0-40 

1.4 

0.5 

1.2 

2.0 

5.1 

22-15 

40-120 

0.0 

0.0 

0.5 

1.9 

2.4 

15-9 

120-300 

0.0 

- 

- 

0.0 

0,0 

1.4 

0.5 

1.7 

3.9 

7.5 

January-April  1966 

60-22 

0-40 

1.0 

0.7 

1.7 

2.1 

5.5 

22-15 

40-120 

0.8 

0.2 

0.6 

4.0 

5.6 

15-9 

120-300 

0.3 

0.0 

0.0 

0.6 

0.9 

2.1 

0.9 

2.3 

6.7 

12.0 
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5.5  aci,  which  could  suggest  that  the  collection  efficiencies  of  the  balloon  sam¬ 
plers  are  less  than  100  percent,  or  that  concentrations  measured  at  34°S  by  the 
balloon  program  are  often  not  representative  of  those  in  the  southern  polar 
stratosphere . 

Since  less  than  10  percent  of  the  SNAP-9A  plutonium-238  injected  was 
found  in  the  stratospheric  regions  below  15  km  in  early  1966,  it  seems  unlikely 
that  a  significant  amount  of  this  tracer  nuclide  had  entered  the  troposphere  by 
then . 

9.7  Anomalous  Measurements  -  Effect  of  Particle  Size 

Two  samples  collected  between  17°S  and  about  35°S,  one  during  May 

and  one  during  June  1965,  appeared  to  contain  SNAP-9A  plutonium-238.  These 

results  seem  anomalous,  however,  for  samples  collected  farther  south  at  the 

same  altitude  and  at  higher  altitudes  at  the  same  latitude  did  not  contain 

SNAP-9A  debris.  These  two  samples,  SQ-7251  and  SQ-7264,  were  reanalyzed,  as 

SQ-7565  and  SQ-7566  respectively,  to  confirm  these  potentially  significant 

results.  In  the  original  analyses  one  half  of  each  filter  was  used,  and  in 

the  reanalyses  one  quarter  of  each  was  used.  Data  from  the  analyses  of  these 

four  samples  are  contained  in  Table  110.  The  reanalyses  failed  to  confirm  the 

presence  of  SNAP-9A  plutonium-238  in  the  samples. 

The  failure  of  the  reanalyses  to  find  SNAP-9A  debris  may  mean  that 

the  original  analyses  were  in  error,  but  there  is  another  possibility.  If  the 

SNAP-9A  debris  which  entered  the  lower  stratosphere  during  the  first  half  of 

8  9 

1965  was  carried  by  particles  large  enough  to  contain  between  10  to  10  atoms 
of  plutonium-238,  only  one  or  two  such  particles  would  have  to  be  included  in  a 
sample  to  give  the  level  of  plutonium-238  activity  displayed  by  samples  SQ-7251 
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TABLE  110.  Results  of  Plutonium  Analyses  of  Selected  Samples,  Including 

Reanalyses  of  Two  Anomalous  Samples _ 


pCi/100  SCM 


Sample 

Number 

Collection 

Date 

Latitude 

Altitude 

(km) 

Pu238 

Pu239 

Total 

Pu239 

Total 

238 

Pu 

SNAP-9A 

Pu238 

SQ-7564 

28 

Apr 

65 

38°-55°S 

18  .9 

0.04 

1.72 

0.06 

<  0.03 

SX-7476 

9 

Nov 

65 

38°-55°S 

19.2 

3.34 

2.40 

8.02 

7.94 

SQ-7251 

11 

May 

65 

17U-36°S 

16.2 

0.13 

0.86 

0.11 

0.08 

SQ-7565 

11 

May 

65 

17°-36°S 

16.2 

0.04 

0.92 

0.03 

<  0.02 

SQ— 7264 

23 

Jun 

65 

17°-34°S 

16.2 

0.19 

1.26 

0.24 

0.21 

SQ-7566 

23 

Jun 

65 

17°-34°S 

16.2 

0.03 

1.16 

0.03 

<  0.03 
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and  SQ-7264.  The  sizes  of  the  hypothetical  spherical  particles  of  Pu“°  0() 
required  to  contain  alL  of  the  SNAP-9A  plutonium-238  in  each  of  the  two  samples, 
SQ-7251  and  SQ-7264,'  have  been  calculated,  The  calculation,  which  is  shown  in 
Table  111,  indicates  radii  of  0.15  and  0,12  micron  for  these  hypothetical  spheri¬ 
cal  particles  at  theoretical  density.  If  the  SNAP-9A  plutoniuin-238  were 
actually  present  as  aggregates  of  smaller  spherical  particles,  and  the  aggre¬ 
gates  consisted  of  50  percent  open  spaces  and  50  percent  particles  of  milli¬ 
micron  size,  the  radii  of  the  spherical  aggregates  would  be  26  percent  larger 
than  is  calculated  in  Table  111. 

No  evidence  is  currently  available  to  confirm  the  possible  correct¬ 
ness  of  the  original  analyses  and  of  the  reanalyses  of  the  two  anomalous  samples, 
but  the  alpha  spectra  obtained  in  both  sets  of  analyses  appear  to  be  of  good 
quality.  Data  are  included  in  Table  110  for  sample  SQ-7564,  collected  at 
38°  -  55°S  one  month  before  the  first  definite  interception  there  of  SNAP-9A 
debris,  and  for  sample  SX-7476,  collected  at  approximately  the  same  location 
after  comparatively  high  concentrations  of  SNAP-9A  debris  had  arrived.  The 
alpha  spectra  for  these  two  samples  are  plotted  in  Figure  107.  Peaks  ore  shown 
which  are  attributable  to  plutonium-239,  plutonium-238  and  plutonium-236  (which 
is  added  to  the  samples  before  analysis  to  permit  calculation  of  radiochemical 
yields).  The  addition  of  SNAP-9A  plutoiium-238  to  plutonium  from  weapons 
debris  causes  a  readily  discernible  increase  in  the  ratio  of  the  area  under  the 
5.5  Mev  plutonium-238  peak  to  the  area  under  the  5.1  Mev  plutoni .tm-239  peak. 

Alpha  spectra  for  samples  SQ-7251  and  SQ-7565  and  for  samples  SQ-7264  and 
SQ-7566  (all  with  the  5.8  Mev  plutonium-236  peaks  deleted)  are  compared  in 
Figure  108.  All  spectra  are  of  reasonably  good  quality,  suggesting  that  perhaps 
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the  analyses  are  indeed  correct,  and  that  failure  of  the  plutonium- ‘2138  results 
to  agree  on  duplicate  samples  results  from  inhomogeneous  distribution  of 
SNAP-9A  debris  on  the  filters.  This  could  result  if  the  particles  carrying 
the  debris  had  radii  in  the  range  of  0.12  to  0.15  micron. 
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TABLE  111.  Estimates  of  Sizes  of  Hypothetical  Spherical  Particles  of  PuO, 

(1)  gf-  D  =  XN  , 

where  D  =  g:  =  observed  disintegration  rate  of  Pu^3^,  in  utoins/min., 

238  ~8  _ j 

\  =  decay  constant  of  Pu  ,  1,48  x  10  miri.  , 

238 

N  =  atoms  of  Pu  in  the  sample 


(2) 


N  =  A 


M  ' 


23 


where  A  =  Avogadro's  number  =  6.02  x  10“  atoms/mole 

238  3 

V  =  volume  of  Pu  0,^  particle,  in  cm 

238  3 

p  =  density  of  Pu  =  11.46  g/cm 

238 

M  =  molecular  weight  of  Pu  0o  *  270  g/mole 


(3) 


3 

r  = 


4.189 

where  r  =  radius  of  particles,  in  cm. 


(4) 


r  = 


r  = 


KM 


DM 


4.189  4.189  A p  4.189  XAp 

0.631  x  10~15D 


270  D 

(4.l89)(l.48xl0-«)(6.02xl0’33)(  11. 4o) 


For  SQ-7264: 


D  =  (4.59xl0~3dpm/SCM)(1.29xl03SCM)  =  5.9  dpm. 
r3=  (0.631  x  10~15 )( 5 .9)  =  3.72  x  10_15 
r  =  1.5  x  10  3  cm.  =0.15  p 


For  SQ-7251: 


D  =  (1.77x10  3dpm/SCM)(1.64xl03SCM)  =  2.9  dpm 
r3=  (0.631  x  10~i5)(2.9)  =  1.83  x  10_15 
r=  1.2  x  10  5  cm.  =0.12  p 
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APPENDIX  >)-A 


TABLF:  9A-1.  Plutonium  Nuc-li.de  Concentrations  in  Stratospheric  Samples 


•  lauuarv  ll)o5  to  dune  1967. 


Samp  1 e 

Collect i on 
Date 

Latitude  Altitude 
Ran oy  (km) 

Nuclide  Concentrations  (pCi/.'IOO  SCM) 

Total  Total  Total  Weapon  SNAP-9A 

Sr90  Pu239  Pu238  Pu238  Pu238 

SQ-7034 

5 

Jan 

65 

75°N-67°N 

18.3 

633 

J1.4 

0.36 

0.31 

0.05 

Sq-7035 

Jan 

65 

75°N-67°N 

1  *> .  4 

461 

8.68 

0.30 

0.23 

0.07 

Sq-7043 

7 

Jan 

65 

22°N-0,>°N 

20.4 

625 

11  .7 

0.30 

0.32 

<  0.01 

SQ-6982 

1  5 

Jan 

65 

38°S-47°S 

20.4 

221 

3.37 

o.n 

0.09 

0.02 

Sq-7038 

19 

Jan 

65 

75°N-67°N 

15.2 

566  ■ 

11.1 

0.32 

0.30 

0.02 

Sll-7047 

.19 

Jan 

65 

.1  5°S-37°S 

20.9 

223 

3.69 

0.11' 

0.10 

“0.01 

Sq- 7056 

2 

Feb 

65 

52°N-37°N 

18.3 

496 

10.1 

0.33 

0.27 

0.06 

SQ—  7061 

ii 

Feb 

65 

38°S-47°S 

20.5 

164 

1.99 

0.08 

0.05 

0.03 

SQ-705'J 

.16 

Feb 

65 

75°N-67'°N 

16.8 

499 

8.62 

0.31 

0.23 

0.08 

S(}-7065 

16 

Feb 

65 

22°S-37°S 

21.0 

165 

2.34 

0.06 

0.06 

<  0.01 

SQ-7107 

2 

Mar 

65 

52°N-36°N 

19.8 

480 

6.14 

0.18 

0.17 

0.01 

Sq- 7.1.06 

3 

Ma  r 

65 

75°N-67°N 

19.7 

388 

4.67 

0.19 

0.13 

0.06 

SQ-7.1  51 

4 

Ma  r 

65 

09°N-10°S 

20.4 

367 

5.63 

0.12 

0.15 

<  0.01 

SQ-7I4L 

3.1 

Mar 

65 

380S-55°S 

19.6 

134 

1.52 

0.04 

0.04 

<  0.01 

SQ-7558 

13 

Apr 

65 

17°S-36°S 

16.2 

32 

0.45 

0.01 

0.01 

<  0.01 

SQ-755" 

13 

Apr 

65 

1 7°S~36°S 

17.7 

44 

0.73 

0.02 

0.02 

<  0.01 

SQ-7561 

14 

Apr 

65 

38°S-55°S 

16.2 

58 

0.83 

0.02 

0.02 

<  0.01 

SQ-7562 

14 

Apr 

65 

38°S-55°S 

17.7 

74 

0.87 

0.02 

0.02 

£  0.01 

SQ-  71 43 

27 

Apr 

65 

17°S-34°S 

19.0 

151 

2.07 

0.07 

0.06 

0.01 

Sq-7563 

.)  - 

Apr 

65 

.1  7°S-36°S 

19.9 

136 

2.07 

0.09 

0.06 

0.03 

SQ—  7  J  42 

28 

Apr 

65 

67°N-53°N 

1  9 . 1 

416 

6 . 04 

0.21 

0.16 

0.05 

sq-7:is2 

28 

Apr 

65 

09°N- LO°S 

1.9.9 

339 

5.68 

0.13 

0.15 

<  0.01 

Sq-7564 

28 

Apr 

65 

38°S-55°S 

19.0 

129 

1  .72 

0.07 

0.05 

0.02 

Sq-7251 

11 

May 

65 

1 7°S-36°S 

16.2 

46 

0.86 

(0.11) 

0.02 

(0.09) 

Sq~7565 

1  L 

May 

65 

1 7°S-36°S 

16.2 

65 

0.92 

0.03 

0.02 

0.01 

SQ-7739 

1  1. 

May 

65 

1  7°S-36°S 

16.2 

51 

0.79 

0.03 

0.02 

0.01 

Sq-7252 

1  1 

Mav 

65 

1 7°S-36°S 

17.7 

80 

1 . 57 

0.05 

0.04 

0.01 

Sq-  4 1 

1  1 

Ma. 

65 

1 7CS-36°S 

17.7 

77 

1 .  1  5 

0.03 

0.03 

<  0.01 
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TABLE  9A-1.  (continued) 


Nuclide  Concentrations  (pCl/100  SCM) 


Sample 

Collection 

Date 

Latitude 

Range 

Altitude 

(km) 

Total 

Sr90 

TotaJ 

Pu239 

Total 

Pu238 

Weapoi 

Pu~38 

i  SNAP-9A 
,,u238 

SQ-7253 

12  May  65 

39°S-47S° 

16.2 

160 

3.05 

0.13 

0 .08 

0.05 

SX-7237 

25  May  65 

75°N-67°N 

18.5 

334 

8.28 

0.27 

0.22 

0.05 

SQ-7160 

25  May  65 

52°N-37°N 

19.5 

302 

5.68 

0.20 

0.15 

0.05 

SQ-7161 

25  May  65 

36°N-23°N 

19.6 

315 

5.95 

0.22 

0.16 

0.06 

SX-7175 

25  May  65 

23°N-09°N 

20.1 

081) 

5.99 

0.18 

0.16 

0 . 02 

SQ-7742 

26  May  65 

19°S-34°S 

18.9 

149 

2.07 

0.06 

0.06 

0.01 

SQ-7162 

26  May  65 

18°S-36°S 

19.6 

197 

2.00 

0.]] 

0.05 

0.06 

SQ-7743 

26  May  65 

18°S-36°S 

19.6 

155 

1.81 

0.13 

0.05 

0.08 

SQ-71S9 

27  May  65 

67°N-52°N 

19.0 

296 

5.30 

0.18 

0.14 

0.04 

SQ-7164 

27  May  65 

38°S-55°S 

18.9 

127 

2.34 

0.52 

0.06 

0.46 

SQ-7163 

27  May  65 

38°S-55°S 

19.8 

97 

1.88 

1.26 

0.05 

1.21 

SX-7238 

28  May  65 

9°N-10°S 

19.2 

180 

4.42 

0.13 

0.12 

0.01 

SX-7176 

28  May  65 

9°N-10°S 

20.7 

235 

5.02 

0.13 

0.14 

<  O.Oi 

SQ-7397 

1  Jun  65 

40°  S 

12.2 

42 

0.70 

0.02 

0.02 

<0.01 

SQ-7254 

8  Jun  65 

75°N-67°N 

16.8 

423 

8.63 

0.24 

0.23 

0.01 

SQ-7255 

8  Jun  65 

9°N-10°S 

17.7 

88 

1.84 

0.05 

0.05 

<  0.01 

SQ-7744 

8  Jun  65 

17°S-35°S 

16.2 

24 

0.35 

0.01 

0.01 

<0.01 

SQ-7256 

8  Jun  65 

17°S-35°S 

17.4 

88 

1.50 

0.06 

0.04 

'  0.02 

SQ-7745 

8  Jun  65 

17°S-35°S 

17.4 

96 

1.53 

0.07 

0.04 

0.03 

SQ-7257 

10  Jun  65 

67°N-50°N 

15.2 

223 

4.78 

0 .]  3 

0.13 

<  0.01 

SQ-7258 

10  Jun  65 

23°N-09°N 

17.7 

219 

4.20 

0.13 

0.11 

0.02 

SQ-7259 

10  Jun  65 

38°S-55°S 

16.2 

152 

2.16 

0.07 

0.06 

0.01 

SQ-7746 

10  Jun  65 

38°S-55°S 

16.2 

132 

1.83 

0.05 

0.05 

<  0.01 

SQ-7261 

10  Jun  65 

38°S-55°S 

17.7 

156 

2.72 

0.38 

0.07 

0.31 

SQ-7747 

10  Jun  65 

38°S-55°S 

17.7 

158 

2.32 

(2.40) 

0.06 

(2.34) 

SQ-7178 

22  Jun  65 

33°N-28°N 

19.2 

358 

6.06 

0.21 

0.16 

0.05 

SQ-7179 

22  Jun  65 

23°N-09°N 

19.2 

219 

4.07 

0.14 

0.11 

0.03 

SQ-7262 

22  Jun  65 

38°S-55°S 

18.6 

145 

2.24 

1.46 

0.06 

1.40 

SQ-7183 

22  Jun  65 

38°S-55°S 

19.3 

121 

1.60 

1.89 

0.04 

1.85 

SQ-7748 

22  Jun  65 

38°S-55°S 

19.3 

130 

1.78 

1.75 

0.05 

1.70 

SQ-7177 

23  Jun  65 

67°N-50°N 

18.3 

318 

5.50 

0.20 

0.15 

0.05 

SQ-7263 

23  Jun  65 

50°N-37°N 

18.3 

356 

6.71 

0.19 

0.18 

0.01 

SQ-7264 

23  Jun  65 

17°S-34°S 

16.2 

80.6 

1.26 

(0.24) 

0.03 

(0.21) 

SQ-7566 

23  Jun  65 

17°S-34°S 

16.2 

80.9 

1.16 

0.04 

0.03 

0 . 01 

SQ-7181 

23  Jun  65 

17°S-34°S 

17.7 

108 

2.00 

0.04 

0.05 

<  0.01 
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TA11LL  9A-1.  (continued) 

Nuclide  Concentrations  (pCi/100  SCM) 


Samp  1 e 

Col  led  i  tm 
Date 

Lat i tudo 
Range 

Alt! tude 
(km) 

Total 

Sr'-’O 

Total 

Pu239 

Total 

Pu238 

Weapon 

Pu238 

SNAP- 9 A 
Pu238 

SQ-7184 

24  dun  65 

38°S-55°S 

16.2 

126 

1.88 

0.07 

0.05 

0.02 

SQ-7749 

24  dun  65 

38°S-55°S 

16.2 

128 

1.97 

0.06 

0.05 

0.01 

SQ—  7.1  82 

24  dun  o5 

38°S-55°S 

17.7 

156 

2.46 

0.12 

0.07 

0.05 

SQ-7751 

24  dun  u5 

38°S-55°S 

17.7 

156 

2.48 

0.13 

0.07 

0.06 

SQ- 72 6 5 

25  dun  65 

7  5°N-o7°N 

18.6 

361 

5.22 

0.17 

0.14 

0.03 

SQ-7266 

25  dun  65 

09°N-J  0°S 

19.2 

208 

3.16 

0.10 

0.08 

0.02 

SQ—  7 1  SO 

25  dun  65 

09°N-10°S 

20.0 

254 

4.31 

0.36 

0.12 

0.24 

SX-7239 

19  dul  65 

52°N-37°N 

18.3 

308 

7.19 

0.23 

0.19 

0.04 

SX— 7.1  92 

19  du'l  65 

52°N-37°N 

19.3 

426 

4.93 

(0.87) 

0.13 

(0.74) 

S  X—  7 .1  93 

.19  dul  65 

36°N-23°N 

19.8 

439 

5.69 

0.22 

0.15 

0.07 

SX—  7241 

19  dul  65 

17°S-34°S 

19.0 

122 

2.43 

1.21 

0.07 

1.14 

SX—  7.1  94 

19  dul  65 

17°S-34°S 

19.8 

205 

2.53 

0.63 

0.07 

0.56 

SX-7242 

20  dul  65 

38°S-35°S 

18  .9 

122 

2.37 

1.56 

0.06 

1.50 

SX—  7 .1. 97 

20  dul  65 

38°S-55°S 

19.5 

157 

1.81 

2.83 

0.05 

2.78 

SQ—  7267 

21  dul  65 

17°S-36°S 

16.2 

35 

0.41 

0.01 

0.01 

<  0.01 

SX-7242 

21  dul  65 

17°S-36°S 

17.7 

121 

2.37 

0.28 

0.06 

0.22 

SX-7244 

22  dul  65 

7  5°N-67°N 

18.3 

235 

5.56 

0.20 

0.15 

0.05 

SX-7195 

22  dul  65 

38°S-55°S 

16.2 

160 

1.97 

0.15 

0.05 

0.10 

SX—  7 1 96 

22  dul  65 

38°S-55°S 

17  7 

196 

2.07 

0.36 

0 . 06 

0.30 

SX-7245 

23  dul  65 

7  5°N-66°N 

15.2 

235 

5.55 

0.16 

0.15 

0.01 

SX-7246 

23  dul  65 

7  5°N-66°N 

16.8 

331 

7.60 

0.25 

0.21 

0.04 

SX-7190 

24  dul  65 

67°N-52°N 

18.3 

428 

3.93 

0.14 

0.11 

0.03 

SX-7191 

24  dul  65 

64°N-52°N 

19.0 

378 

4.66 

0.20 

0.13 

0.07 

SX-7247 

24  dul  65 

09°N-02°S 

17.4 

99 

2.62 

0.08 

0.07 

0.01 

SX-7248 

25  dul  65 

36°N-23°N 

17.7 

(92) 

2.50 

0.08 

0.07 

0.01 

SX-7249 

25  dul  65 

23°N-09°N 

17.7 

(13) 

(0.40)  (<0.02) 

(0.01) 

(<0.01) 

SX- 7396 

28  dul  65 

40°S 

12.2 

(54) 

(0.93) 

(0.03) 

(0.02) 

(0.01) 

SQ-7398 

10  Aug  65 

40°S 

12.2 

58 

1.00 

0.14 

0.03 

0.11 

SQ—  71 98 

15  Aug  65 

75°N-67°N 

18.3 

452 

4.90 

0.15 

0.13 

0.02 

SQ—  7 1 99 

15  Aug  65 

75°N-67°.\ 

19.2 

407 

4.60 

0.24 

0.12 

0.12 

SQ-7200 

15  Aug  65 

09°N-1 0°S 

19.2 

243 

4.15 

0.13 

0.11 

0.02 

SQ-  720.1 

1 6  Aug  65 

52°N-37°N 

18.3 

345 

5.88 

0.19 

0.16 

0.03 

SQ-7202 

1  6  Aug  65 

52°N-47°N 

19.4 

280 

5.28 

0.20 

0.14 

0.06 
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TABLE  9A-1.  (continued) 


Sample 

SQ-7203 

SQ-7204 

SQ-7205 

SQ-7206 

SQ-7207 

SQ-7208 

SQ-7209 

SQ-7567 

SQ-7211 

SQ-7212 

SQ-7213 

SQ-7214 

SQ-7215 

SQ-7216 

SQ-7217 

SQ-7399 

SX-7301 

SX-7302 

SX-7303 

SX-7304 

SX-7305 

SX-7306 

SX-7307 

SX-7308 

SX-7309 

SX-7311 

SX-7312 

SX-7313 

SX-7314 

SX-7315 

SX-7316 

SX-7317 

SX-7318 

SX-7319 

SX-7321 


Collection 

Date 


17  Aug  65 
17  Aug  65 
17  Aug  65 
17  Aug  65 
17  Aug  65 
17  Aug  65 

19  Aug  65 
19  Aug  65 
19  Aug  65 
19  Aug  65 
19  Aug  65 
19  Aug  65 
3  9  Aug  65 
19  Aug  65 

21  Aug  65 

9  Sep  65 

13  Sep  65 
13  Sep  65 
13  Sep  65 
13  Sep  65 
13  Sep  65 

13  Sep  65 

14  Sep  65 
14  Sep  65 

14  Sep  65 

15  Sep  65 
15  Sep  65 
15  Sep  65 
15  Sep  65 

15  Sep  65 

16  Sep  65 
16  Sep  65 
16  Sep  65 

16  Sep  65 

17  Sep  65 


Latitude 
Range 

36°N-23°N 
36°N-23°N 
09°N-10°S 
09°N-10°S 
38°S-55°S 
38°S-55°S 

67°N-52°N 
67°N-52°N 
36°N-23°N 
23°N-09°N 
23°N-12°N 
25°S-36°S 
17°S-36°S 
17°S-36°S 

09°N-10°S 

40°S 

75°N-67°N 

75°N-67°N 

52°N-37°N 

52°N-37°N 

36°N-23°N 

38°S-55°S 

67°N-50°N 

38°S-55°S 

38°S-55°S 

75°N-67°N 

75°N-67°N 

09°N-10°S 

25°S-36°S 

21°S-36°S 

67°N-50°N 

67°N-52°N 

67°N-52°N 

23°N-09°N 

18°S-36°S 


Nuclide  Concentrations  (pCi/Joo  SCM) 


Altitude  Total 
(km)  Sr90 


18.9 

472 

19.6 

375 

16.2 

25 

17.7 

113 

18.7 

159 

19.3 

143 

18.3 

399 

19.4 

281 

17.7 

180 

17.7 

119 

19.4 

254 

16.2 

89 

17.7 

121 

19.7 

145 

19.7 

264 

12.2 

39.8 

18.3 

329 

19.3 

391 

18.3 

270 

19.5 

382 

19.8 

297 

19.3 

172 

16.8 

248 

16.2 

167 

17.7 

172 

15.2 

237 

16.8 

391 

17.7 

114 

16.2 

(42.6) 

17.7 

(59.0) 

15.2 

136 

18.3 

396 

19.8 

229 

20.0 

248 

19.2 

130 

Total  Total 

Pu239  Pu238 


5.82 

0.17 

5.88 

0.21 

(0.05) 

(<0.16) 

2.08 

0.06 

2.45 

3.02 

2.38 

4.98 

8.43 

0.27 

4.28 

0.17 

3.69 

0.12 

2.13 

0.06 

4.55 

0.12 

1.44 

0.09 

1.70 

0.22 

2.75 

2.08 

3.54 

0.14 

0.81 

<0.01 

5.58 

0.19 

4.67 

0.19 

4.64 

0.17 

4.82 

0.18 

4.32 

0.16 

2.48 

5.10 

4.13 

0.10 

2.53 

0.50 

2.70 

3.05 

3.58 

0.10 

5.91 

0.17 

2.23 

0.15 

0.95 

0.24 

1.68 

0.23 

2.89 

0.09 

7.38 

0.22 

4.13 

0.20 

5.29 

0.14 

2.43 

2.45 

Weapon  SNAP-9A 

Pu238  pu^38 


0.16 

0.0J 

0.16 

0.05 

(0.00) 

(<0.16) 

0.06 

<0.01 

0.07 

2.95 

0.06 

4.92 

0.23 

0.04 

0.12 

0.05 

0.10 

0.02 

0.06 

<0.01 

0.12 

<0.01 

0.04 

0.05 

0.05 

0.17 

0.06 

2.02 

0.10 

0.04 

0.02 

<0.01 

0.15 

0.04 

0.13 

0.06 

0.13 

0.04 

0.13 

0.05 

0.12 

0.04 

0.07 

5.03 

0.12 

<0.01 

0.07 

0.43 

0.07 

2.98 

0.10 

<0.01 

0.16 

0.01 

0.06 

0.09 

0.03 

0.21 

0.04 

0.19 

0.08 

0.01 

0.20 

0.02 

0.11 

0.09 

0.14 

<0.01 

0.07 

2.38 
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1AFLL  9A-i,  (continued) 


Sample 

Collect i on 
Date 

Lati tude 
Range 

Altitude 
( km) 

SX-7322 

18  Sep  65 

09°N-10°S 

20.1 

SX-7464 

SQ-7401 

6  Oct  65 

6  Oct  65 

40°S 

40°S 

7.6 

12.2 

SQ-7359 

10  Oct  65 

17°S-36°S 

19.8 

SQ-7353 

SQ-7354 

SQ-7355 

SQ-7356 

SQ-7357 

SQ-7358 


11  Oct  65 
II  Oct  65 
11  Oct  65 
11  Oct  65 
11  Oct  65 
11  Oct  65 


SQ-7361  12  Oct  65 
SQ-7362  12  Oct  65 
SQ-7365  12  Oct  65 


7  5°N-67°N 
75°N-67°N 
52°N-37°N 
52°N-37°N 
36°N-23°N 
oy°N-io°s 

25°S-3o°S 

19°S-36°S 

38°S-55°S 


SX-7467 

SX-7468 

SX-7469 

SX-7471 

SX-7472 

SQ-7489 

SX-7474 


8  Nov  65 
8  Nov  65 
8  Nov  65 
8  Nov  65 
8  Nov  65 
8  Nov  65 
8  Nov  65 


75°N-67°N 

75°N-67°N 

52°N-37°N 

52°N-37°N 

36°N-23°N 

30°S-36°S 

I8°S-36°S 


18.3 

19.1 

18.3 

19.7 
19.9 

20.1 

16.2 

17.7 

19.4 


SQ-7363 

13 

Oct 

65 

67°N-50°N 

16.8 

SQ-7364 

13 

Oct 

65 

50°N-37°N 

•16.8 

SQ-736S 

13 

Oct 

65 

38°S-55°S 

16 .  •) 

SQ-7369 

13 

Oct 

65 

38°S-55°S 

17.7 

SQ-7366 

14 

Oct 

65 

75°N-67°N 

16.8 

SQ—  7367 

14 

Oct 

65 

23°N-09°N 

20.1 

SQ-7371 

15 

Oct 

65 

67°N-50°N 

15.2 

SQ-7372 

15 

Oct 

65 

67°N-52°N 

18.3 

SQ-  /  3  7  3 

15 

Oct 

65 

67°N-52°N 

19.7 

SQ-7374 

15 

Oct 

65 

09°N-08°S 

17.4 

SQ-7531 

3 

Nov 

65 

40°S 

12.2 

SQ-7532 

4 

Nov 

65 

70°N 

12.2 

SX--7473 

7  ] 

Nov  i 

65 

18°S-36°S 

19.9 

18.3 
19.8 
18  .3 
19.5 

19.7 
16.2 

17.7 


Nuclide  Concentrations  (pCi/iuo  SCM) 


Total 


Total 

Pu239 


2.86  0.06 
42.6  (2.97) 


4.82 

4.32 

5.15 

3.23 

5.04 

3.72 


61.7 

102 

194 


246 

289 

267 

76.5 


59.9 

173 

261 

164 

(471) 

237 

251 

73 

122 


0.979 

1.78 

2.46 


3.98 

4.72 

4.56 

1.43 

0.803 


4.71 

2.61 

(8.90) 

4.32 

4.56 

1.20 

1.76 


Total 

Pu238 


0.00 

(0.10) 


0.184 

0.246 

0.165 

0.149 

0.159 

0.083 


0.191 

0.218 

(0.281) 

0.213 

0.134 

0.127 

0.790 


Weapon 

pu238 


0.00 

(0.08) 


SNAP- 9A 
pu238 


0.00 

(0.02) 


0.130 

0.117 

0.139 

0.087 

0.136 

0.100 


0.05 

0.13 

0.03 

0.06 

0.02 

<0.01 


0.086 

0.026 

0.06 

0.474 

0.048 

0.43 

4.75 

0.066 

4.68 

0.111 

0.107 

<0.01 

0.114 

0.097 

0.02 

0.273 

0.046 

0.227 

2 . 02 

0.062 

1.96 

0.130 

0.134 

<0.01 

0.157 

0.169 

<0.01 

0.124 

0.107 

0.02 

0.172 

0.127 

0.04 

0.178 

0.123 

0.06 

0.044 

0,039 

<0.01 

0.052 

0.022 

0.03 

0.046 

0.030 

0.02 

5.20 

0.076 

5.12 

0.127  0.06 

0*070  0.15 

(0.240)  (0.04) 

0.117  0.10 

0.123  0.01 

0.032  0.10 

0.048  0.74 
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TABLE  9A-1. 


SX-7475 

SX-7476 

SX-7477 

SX-7478 

SX-7479 

SX-7481 

SX-7482 

SX-7483 

SX-7484 

SX-7485 

SX-7486 

SX-7487 

SQ-7491 


Collection 

Date 

9  Nov  65 
9  Nov  65 

10  Nov  65 
10  Nov  65 
10  Nov  65 
10  Nov  65 

10  Nov  65 

11  Nov  65 
11  Nov  65 
11  Nov  65 

11  Nov  65 

12  Nov  65 
12  Nov  65 


\ continued; 

Latitude 
.  .  Range 

75°N-67°N 
38°S-55°S 

67°N-50°N 
67°N-50°N 
50oN-37°N 
38°S-54°S 
39°S-54°S 

67°N-52°N 
67°N-52°N 
08°N-10°S 
07°N-10°S 

23°N-09°N 
23°N-09°N 


SX-7488  27  Nov  65  640N-47c>n 


SQ-7533 

SQ-7534 

SQ-7752 

SQ-7535 

SQ-7536 

SQ-7537 

SQ-7538 

SQ-7753 

SQ-7539 

SQ-7754 

SQ-7541 

SQ-7542 

SQ-7543 

SQ-7544 

SQ-7545 

SQ-7546 

SQ-7547 
SQ-7548 


6 

6 

6 

6 

6 

6 


Dec  65 
Dec  65 
Dec 
Dec 
Dec 
Dec 


65 

65 

65 

65 


7 

7 

7 

7 

7 

7 

7 

7 

7 

7 


Dec  65 
Dec  65 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec  65 
Dec  65 


65 

65 

65 

65' 

65 

65 


9  Dec  65 
9  Dec  65 


SQ-7549 

SQ-7686 

SQ-7687 

SQ-7551 

SQ-7552 


14  Dec  65 

15  Dec  65 

16  Dec  65 

22  Dec  65 
22  Dec  65 


52°N-37°N 
52°N-37°N 
52°N-37°N 
36°N-23°N 
38°S-55°S 
38°S-55°S 

52°N-37°N 
52°N-37°N 
52°N-37°N 
52°N-37°N 
36°N-23^N 
36°N-23°N 
17°S-36°S 
17°S-38°S 
38°S-55°S 
38°S-51°S 

17°S-34°S 

17°S-36°S 

70°N 

45°S 

45°S 

55°N-48°N 

55°N-48°N 


Altitude 

(km) 


Total 
Sr*° 


Jjuclide  Concentration  'pCi/iop  SCM) 


16.8 

19.3 

15.2 
16.8 
16.8 

16.2 
17.7 


18 
18 
19 
19 
19 
20.0 
16 

17 

18 
18 


.3 

.3 

.2 

2 

2 


.2 

.7 

.3 

.7 


Total 

pu239 

3.54 

2.40 

3.10 

3.74 

(5.79) 

2.35 

2.26 


Total 

pu238 

0.118 

8.01 

0.100 
0 .  i  22 
(0.211) 
1.00 
2.64 


Weapon 

Pu2§8 


SNAP- 9; 
Pu238 


18.3 
20.1 
19.1 

20.4 

218 

192 

122 

219 

4.26 

3.64 

2.42 

3.82 

0.167 

0.305 

0.060 

0.191 

0.115 

0.098 

0.065 

0.103 

19.1 

20.3 

160 

248 

3.43 

4.44 

0.111 

0.156 

0.093 

0.120 

U.9 

74.2 

1.65 

0.056 

0.044 

15.2 

16.8 

16.8 

17.7 
15.2 

16.8 

66.1 

145 

146 

140 

37.5 

96.9 

1.35 

2.89 

2.70 

2.58 

0.614 

1.62 

0.094 

0.089 

0.09 

0.089 

0.067 

1.17 

0.036 

0.078 

0.073 

0.070 

0.016 

0.044 

216 

282 

216 

219 

259 

221 

22.4 

95.2 

122 

127 


4.34 

4.36 

3.93 

4.18 

5.02 

3.91 
0.415 
1.49 

1.92 

2.10 


0.232 

0.151 

0.205 

0.283 

0.248 

0.566 

0.043 

0.385 

3.20 

3.62 


19.2 

20.2 

95.2 

184 

1.54 

1.88 

2.05 

5.64 

0.042 

0.051 

12.2 

7.6 

188 

15 

3.34 

0.251 

0.095 

0.01O 

0.090 

0.007 

12.2 

35.4 

0.642 

0.068 

0.017 

11.9 

13.1 

175 

114 

2.96 

1.86 

0.094 

0.072 

0.08 

0.05 

0-096  0.02 

0.065  7.94 

0.084  0.02 

0-10]  0.02 
(0 .] 56)  (0.06) 
0.063  0.94 

0*061  2.58 

0.05 
0.21 
<0.01 
0.09 

0.02 

0.04 

0.01 

0.06 
0.01 
0.02 
0.02 
0.05 
1.13 

0*117  0.12 

0.118  0.03 
0*106  0.]0 
0.113  0.17 

0.136  0.11 

0.106  0.46 
0-011  0.03 
0.040  0.34 

0-052  3.15 

0.057  3.56 

2.01 

5.59 


0.01 

0 .05 

0.01 

0.02 
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TA»f.i:  9A-1.  (i'oiiI  iimi‘<|) 

Nuclide  Concent  rati  oiks  (pCi/100  SCM) 


S.'implo 

Col  Joel  Ion 

Dii  1  if 

liilt.i  tllllu 

Uni  n*c 

Al  1  Umlu 
(Km) 

Tolu  1 

Tut  il  l 
IKg 

Tol  u  I 
hrf 

Wcm'ii 

hr,i8 

SNAP-9A 

l»u238 

Si|-75bK 

II 

•Km 

bo 

ii4°N-5l'>N 

18. It 

*44*4 

3.07 

0.830 

0.107 

0.72 

,Sl}-75ii" 

14 

•Jan 

OO 

5I'»N-38'W 

is. 3 

*401 

3.51 

0.203 

0.005 

0.20 

8tj-7S7 1 

II 

•Km 

00 

52"X-37«N 

1 8  .8 

*407 

3.67 

0.388 

0.000 

0.2" 

SX-7677 

lb 

•Ian 

bo 

7d°X 

1*4.1! 

41.4 

0.737 

0.034 

0.020 

0.01 

SX- "574 

15 

•Ian 

oil 

I7‘>N-.|I°N 

1*4. *4 

7" 

1 .41 

0.055 

0.030 

0.02 

SX-7575 

15 

•Ian 

(III 

17uN'-llaN 

i  :i .  i 

177 

3.10 

0.083 

0.08b 

<0.01 

SX-7571. 

1" 

•Km 

OO 

64°X-55‘>S 

n." 

08 

1.80 

0.04b 

0.040 

<0.01 

SX-7577 

1" 

•Km 

no 

o.|<*X-?5*>X 

i:t.J 

144 

2.54 

0.000 

0.068 

”0.03 

SX-7n78 

i!  r> 

•Km 

bo 

35°X 

1*4. *4 

81 

1.38 

0.041 

0.037 

<0.01 

SX-7ii88 

u«. 

•Kin 

bo 

•10'KS 

12.  *4 

15.4 

0.247 

0.010 

0.007 

<0.01 

SX-7578 

:to 

•lun 

0(1 

75°X-b'4°N 

,18.3 

•40*4 

3.60 

1 .05 

0.097 

"0.95 

SX- 757*i 

:tu 

•Km 

till 

75°N-b5°X 

IK." 

4.07 

1.26 

0.130 

1.15 

7755 

m 

•lun 

bo 

(T-^X-SOOX 

18. *4 

*435 

4.3  b 

0.038 

0.132 

0.83 

.Stj-7572 

:ii 

•Km 

no 

oU0X-,>(>°X 

18. ‘4 

•»  jo 

3.47 

0."04 

0.004 

0.90 

5*4— 7  57.*i 

:;i 

•Km 

(III 

5"°N-53°X 

I'M 

255 

4.04 

1.05 

0.100 

0.94 

.s(^_'75o 

31 

•Km 

bo 

590\*-53"X 

I'M 

2  Lb 

3.58 

1 .10 

0.007 

1 .00 

r*5  1 

:il 

•Km 

bb 

•iiWX-'ja°N 

18.3 

1,71 

2.77 

0.228 

0.075 

0.15 

SX-75K2 

:si 

•Km 

bo 

J'.».3 

150 

3.01 

0.647 

0.083 

0.57 

SX-7584 

i 

IV-l) 

bb 

750X-b4°X 

1  b.ti 

101 

2.43 

0.057 

0.065 

<0.01 

SX-7585 

i 

rub 

bb 

s«ox-:i7^X 

18.3 

184 

3.25 

0.608 

0.088 

”0.52 

5X—  7  55o 

1 

IVb 

bo 

50°N-33‘>X 

19.6 

200 

3.02 

1.01 

0.0b4 

0.93 

SX-"5«7 

1 

lob 

bb 

J*».0 

12b 

2.40 

0.110 

0.065 

0.05 

SX-7588 

1 

lob 

00 

*43°N-09°N 

20.0 

Ion 

2.81 

0.115 

0.07b 

0.04 

S.X-7589 

•  i 

I’ub 

OO 

(i'4°N-50°X 

18. *4 

160 

2.80 

0.800 

0.078 

0.82 

SX-759.1 

•  i 

I'ub 

00 

65oN-50°X 

18.8 

100 

3.10 

1.1b 

0.084 

1.08 

8X-7592 

M 

•> 

I’ub 

db 

b40N'-4‘.'°N 

15.  *4 

151 

2.25 

0.13b 

0.061 

0.08 

SX-75**:: 

lub 

bb 

4"°N-37°X 

15.  *4 

02.2 

1.8b 

0.08b 

0.050 

0.04 

SX-7594 

5 

I’ub 

bo 

bl0X-52°X 

16.8 

100 

4.22 

0.750 

0.114 

0.64 

8X-7595 

5 

lV*b 

bb 

52°X-37»\ 

lb. 8 

140 

2.20 

0.204 

0.050 

0.14 

SX~7n79 

s 

I’ub 

bb 

70°\ 

1*4 .  '4 

05 

1.7b 

0.084 

0.048 

0.04 

5X-7o'47 

•  i 

I'ub 

00 

(i7°N*-:  ::°S 

18  .o 

35 

0.618 

0.103 

0.017 

0.09 

.SX-7i>28 

o 

I'ub 

bo 

i  :j0S-320s 

1 8 .  b 

61 

1.04 

1.18 

0.028 

1.15 

.<X-“b*4" 

15 

1‘ub 

00 

47°X-4.I°X 

1*4.7 

60 

1.37 

0.044 

0.037 

0.0,1 

472 


ISOTOPES 

A  Teledyne  Company 


TABLE  OA-1.  (continued) 

Nuclide  Concent  rut!  on.s  (pCI/lOO  SOM) 


Sample 

Collection 

Date 

Latitude 

Ranae 

Altitude 

(km) 

Total 

S> 

Total 

Pu'-lW 

Tolu  1 
Pn~38 

Weapon 

I»u238 

SNAP-9A 

,,„238 

SX-7632 

16  Fob  66 

64°N-55°N 

11.9 

86 

1  .'»3 

0.064 

0.052 

0.01 

SQ-7888 

24  Feb  66 

39°S 

12.2 

21 

0.309 

0.179 

0.008 

0.17 

SX-7634 

27  Feb  66 

75°N-62°N 

18.3 

224 

2.81 

2.15 

0.076 

2.07 

SX-7635 

27  Feb  66 

75°N-65°N 

18.6 

155 

2.79 

1.6 1 

0.075 

1.54 

SX-7636 

28  Feb  66 

62°N-50°N 

18.3 

161 

2.98 

0.887 

0.080 

0.81 

SX-7637 

28  Feb  66 

65°N-50°N 

19.7 

157 

2.75 

1  .28 

0.074 

1.21 

SX-7638 

28  Feb  66 

36°N-23°N 

18.3 

188 

3.07 

0.857 

0.083 

0.77 

SX-7639 

28  Feb  66 

36°N-23°N 

19.8 

156 

2.92 

0.783 

0.079 

0.70 

SQ-7659 

28  Feb  66 

23°N-09°N 

18.3 

46 

0 . 6**4 

0.043 

0.018 

0.02 

SX-7641 

28  Feb  66 

23°N-09°N 

19.7 

161 

2.67 

0.228 

0.072 

0.1  6 

SX-7642 

1  Nor  66 

75°N-64°N 

15.2 

186 

3.29 

0.735 

0.089 

0.65 

SX-7643 

1  Mar  66 

75°N-64°N 

16.8 

182 

3.03 

2.40 

0.082 

2.32 

SX-7644 

1  Mar  66 

14°S-31°S 

18.3 

46 

0.771 

0.508 

0.021 

0.49 

SX-7645 

1  Mar  66 

14°S-33°S 

20.1 

101 

1.66 

4.45 

0.045 

4.40 

SX-7646 

2  Mar  66 

64°N-48°N 

15.2 

145 

2.34 

0.300 

0.063 

0.24 

SX-7647 

2  Mar  66 

48°N-37°N 

15.2 

135 

2.54 

0.492 

0.06K 

0.42 

SX-7648 

2  Mar  66 

50°N-37°N 

18.3 

153 

3.35 

0.674 

0.090 

0.58 

SX-7649 

2  Mar  66 

50°N-37°N 

19.5 

203 

3.15 

1.4 1 

0.085 

1 .32 

SX-7651 

3  Mar  66 

35°S-54°S 

15.2 

50 

0.806 

0.861 

0.022 

0.84 

SX-7652 

3  Mar  66 

33°S-54°S 

16.8 

83 

1.35 

2.52 

0.037 

2.48 

SX-7661 

4  Mar  66 

07°N-10°S 

18.3 

48 

0.834 

0.099 

0.022 

0.08 

SX-7653 

4  Mar  66 

09°N-10°S 

19.4 

64 

1.37 

0.129 

0.032 

0.10 

SX-7654 

4  Mar  66 

35°S-55°S 

18.3 

108 

1.60 

6.66 

0.043 

6.62 

SX-7655 

4  Mar  66 

34°S-54°S 

19.3 

100 

1.47 

8.35 

0.040 

8.31 

SX-7656 

6  Mar  66 

64°N-49°N 

16.8 

146 

3.06 

1.82 

0.083 

1.74 

SX-7657 

6  Mar  66 

49°N-37°N 

16.8 

117 

2.49 

0.347 

0.067 

0.28 

SX-7658 

7  Mar  66 

35°N-26°N 

16.8 

114 

2.10 

0.157 

0.057 

0.10 

SX-7662 

15  Mar  66 

64°N-52°N 

11.9 

106 

2.00 

0 .098 

0.054 

0.04 

SQ-7664 

17  Mar  66 

46°N-37°N 

11.9 

107 

1.94 

0.099 

0.052 

0.05 

SQ-7665 

17  Mar  66 

46°N-43°N 

13.1 

243 

4.12 

0.409 

0.  Ill 

0.30 

SQ-7666 

17  Mar  66 

43°N-37°N 

13.1 

40.5 

0.733 

0.043 

0.020 

0.02 

SQ-7889 

23  Mar  66 

70°N 

12.2 

132 

2.38 

0.122 

0.064 

0.06 

SQ-7689 

27  Mar  66 

75°N-64°N 

15.2 

153 

2.80 

0.861 

0.076 

0.78 

SQ-7691 

27  Mar  66 

75°N-64°N 

16.8 

185 

3.28 

1.18 

0.088 

1  .09 
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TAHIil,  ')A-1.  (. «•« ml  iimi'il) 

\i  if  I  i  tie  Concent  rat  ions  (pCi/100  SCM) 


S.  *m|»  1 1  * 

Cnl left  ion 
Date 

Wat  i  titdc 
Item  no 

Al  t  i l title 
(km) 

Total 

l»>‘ 

Total 

p£ts 

Weapon 

p„h8 

SNAP— *JA 

Pi)238 

S<^-7n"2 

US  Mar  66 

50°X-:i7»N 

is. a 

182 

*1  •  1  •  1 
o  •*.« 

0.894 

0.087 

0.81 

US  Mill*  on 

S0UX-.“.7°X 

|0.8 

167 

2.98 

1 .72 

0.080 

1  .64 

S(J-7i.'»4 

Us  Mar  An 

U:t°N-l>‘i°N 

18. a 

52.5 

0.981 

0.081 

0.026 

o.on 

US  Mur  no 

U3°N-0"°N 

IP. 8 

128 

2.59 

0.208 

0.070 

0.14 

Si]-7ii"o 

US  Mu  r  oo 

:tsos-si°s 

15.2 

52.9 

0.918 

1  .47 

0.025 

J  .44 

8^-76"? 

US  M.»r  on 

33»s-54*\s 

16.8 

46.7 

0.782 

0.977 

0.021 

0.96 

Si^7i.",s 

U"  Mur  6o 

74°N-63°X 

18. a 

175 

a.  52 

1.54 

0.095 

1 .44 

Sij-7n'>" 

U’i  Mur  oo 

74‘  X-o7°X 

I'M! 

1 60 

a.J5 

1.51 

0.085 

1.42 

.S.J-77UI 

2'>  Mu  r  oo 

:;o°N-u:t°X 

18. a 

1 46 

2.7a 

0.701 

0.074 

0.63 

S'j-7702 

U“  Miir  oo 

;i60X-u:i0x 

i*»/j 

1 65 

a.  21 

0.937 

0.087 

0.85 

Si|-77i»:t 

.’to  M;i  r  oo 

U6°.s-:i:it\s 

16.8 

54.6 

0.84a 

0.611 

0.023 

0.59 

S*4-77U.» 

.‘to  Mur  oo 

I4°s-:i  i°s 

18. a 

46.0 

0.735 

0.806 

0.020 

0.79 

7  7Ur> 

;t  1  Mar  oo 

6U0N-SU°N 

18. a 

167 

3.31 

1 .44 

0.089 

1  .35 

Si  j-770(i 

31  Mar  66 

64°X-5U°X 

IP. 2 

166 

2.89 

1  .93 

0.078 

1.85 

SX-TnS  1 

lu  Apr  66 

47°N- 4 ! °X 

1 1 .9 

62.  a 

1 .27 

0.062 

0.034 

0.03 

.SX-76S2 

IU  Apr  oo 

47°X-4I°X 

la.i 

108 

1 .84 

0.230 

0.050 

0.18 

SX— 7«»j*:i 

l.'t  Apr  oo 

640X-55°N 

ii.'.» 

4a. o 

0.803 

0.108 

0.022 

0.09 

.^X-  7«.h-| 

l.‘l  Apr  no 

o4°X-SS°X 

13. J 

26.9 

0.496 

0.057 

0.013 

0.04 

SX-7,.85 

14  Apr  66 

SS°X-I7°N 

la.i 

50.6 

0.952 

0.087 

0.026 

0.06 

8<J-7707 

15  Apr  66 

4I°N-35WN 

la.i 

47.6 

0.842 

0.061 

0.023 

0.04 

SX-7885 

1  '*  Apr  no 

7S°X 

12.2 

88.2 

1.41 

0.287 

0.038 

0.25 

SI-78"0 

1"  Apr  oo 

1 (OX 

4.6 

1  .78 

0.041 

0.004 

0.001 

<0.01 

SX-7758 

U4  Apr  66 

64°N-49°\‘ 

.16.8 

133 

2.55 

0.620 

0.069 

”0.55 

SX-7757 

U4  Apr  66 

49°N-37°N 

16.8 

□  5 

2.06 

0.584 

0.056 

0.53 

SX-7759 

US  Apr  66 

SU,JN-:t70N 

IS. a 

160 

3.23 

1  .04 

0.087 

0.95 

SX—  7  7  o 1 

U5  Apr  66 

5U°N-:t7°N 

IP.  5 

17  5 

2.97 

1.23 

0.080 

1.15 

SX-7762 

US  Apr  66 

:i6°X-u:!°X 

is. a 

88.2 

1.38 

0.197 

0.037 

0.16 

SX-77*.:; 

US  Apr  6o 

:i6°N-u:t°N 

IP  .8 

1 60 

2.70 

0 . 598 

0.073 

0.52 

SX- 7  7(i-| 

U6  Apr  66 

7S°X-64°X 

15.2 

I  63 

U  .89 

1.04 

0.078 

0.96 

5X-77n5 

U6  Apr  66 

7S°X-64°X 

16.8 

149 

2.77 

;i  ,io 

0.075 

1  .02 

SX-7766 

U6  Apr  6o 

36°N-::o°x 

15.2 

12.1 

2.49 

0 . 592 

0.067 

0 . 52 

.SX-77t>7 

U7  Apr  66 

7ScX-6U°N 

18. a 

144 

2.88 

1.35 

0.078 

1.27 

SX-776K 

U7  Apr  66 

7S°X-6S°N 

19.1 

139 

2.79 

1.73 

0.075 

1.66 

SX-776'> 

U7  Apr  66 

U7°N-J.1CS 

is.  a 

20.9 

0.348 

0.201 

0.009 

0.19 

SX—  777 1 

U 7  Apr  6o 

0')°X-  1 1°S 

19.6 

82.8 

l .  59 

0.184 

0.043 

0.14 

SX-7772 

U7  Apr  66 

.‘!50S-S40S 

15.2 

a  6.  a 

0.518 

0.714 

0.014 

0.70 

SX-7773 

U7  Apr  66 

03°.s-54°s 

1 6 . 8 

72.8 

1.08 

2.77 

0.029 

2.74 
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TABLE  9A-1.  (continued) 

Nuclide  Concentrations  (pC I /.!()(.>  SOM) 


Sample 

Collection 

Date 

Lot i tude 
Range 

Altitude 

(km) 

Total 

SrW 

Total 

l>u»y" 

Tol  a  1 
,,„20K 

Weapon 
Pi  1 238 

SNAl’-o 

p.,238 

SX-7774 

28  Apr  66 

62°N-55°N 

J8.3 

129 

2.11 

.'1.42 

0.058 

3.36 

SX-7775 

28  Apr  66 

62°N-56°N 

19  <2 

147 

2.38 

2.03 

0.0n4 

1 

SX-7886 

17  Nay  66 

70°N 

12.2 

91.5 

1  .98 

0.252 

0,053 

0.20 

SQ-7891 

19  Nay  66 

40°S 

12.2 

22.4 

0.383 

0.523 

0.010 

0.51 

SQ-7797 

25  Nay  66 

36°N-23°N 

15.2 

17.8 

0.247 

0.038 

0.007 

0.03 

SQ-7798 

27  Nay  66 

07°N-09°S 

16.8 

7.3 

0.108 

0.007 

0.003 

<0.01 

Sq-7799 

27  Nay  66 

1 3°S-32°S 

18.3 

50.9 

0.820 

1  . 8(. 

0.022 

”l  .54 

Sq-7801 

28  Nay  66 

64°N-49°N 

16.8 

99.1 

1  .83 

0.61  1 

0.049 

0  •  5o 

St|-7802 

28  Nay  66 

49°N-37°N 

16.8 

83.7 

J  .22 

0.408 

0.033 

0.38 

Sq-7803 

28  Nay  66 

32°N-26°N 

17.5 

97.0 

1 .38 

0.352 

0.037 

0.32 

SQ-7804 

28  Nay  66 

26°N-09°N 

18.3 

86.1 

1.33 

0.389 

0.036 

0.35 

SQ-7805 

30  Nay  66 

61°N-49°N 

18.3 

123 

1.86 

0.926 

0.050 

0.88 

SQ-7806 

30  Nay  66 

49°N-37°N 

18.2 

152 

1.97 

0.823 

0.053 

0.77 

SX-7887 

2  Jtin  66 

70°N 

12.2 

99 

1.78 

0.190 

0.048 

0.14 

SQ-7807 

2  Jun  66 

64°N-55°N 

15.2 

109 

1.53 

0.653 

0.041 

0.61 

SQ-7808 

2  Jun  66 

55°N-43°N 

15.2 

112 

1.48 

0.473 

0.040 

0.43 

SQ-7809 

2  Jun  66 

43°N-37°N 

15.2 

54 

1.96 

0.787 

0.053 

0.73 

SQ-7811 

3  Jun  66 

35°N-27°N 

16.8 

19.1 

0.275 

0.047 

0.007 

0.04 

SQ-7812 

3  Jun  66 

27°N-20°N 

16.8 

36.7 

0.487 

0.082 

0.013 

0.07 

SQ-7813 

3  Jun  66 

20°N-10°N 

16.7 

12.8 

0.194 

0.017 

0.005 

0.01 

SQ-7814 

4  Jun  66 

35°N-23°N 

18.8 

149 

2.20 

0.855 

0.059 

0.80 

SQ-7815 

4  Jun  66 

23°N-19°N 

18.4 

89.1 

1.31 

0.275 

0.035 

0.24 

SQ-7816 

4  Jun  66 

19°N-]2°N 

18.2 

66.4 

.1 .01 

0. 182 

0.027 

0.16 

SQ-7817 

5  Jun  66 

64°N-49°N 

15.2 

46.9 

0.738 

0.163 

0.020 

0.14 

SQ-7818 

5  Jun  66 

49°N-37°N 

15.2 

71.2 

1  .08 

0.311 

0.029 

0.28 

SQ-7858 

10  Jun  66 

64°N-49°N 

16.8 

91  .8 

J  .49 

0.602 

0.040 

0.56 

SQ-78S9 

10  Jun  66 

49°N-370N 

16.8 

90.0 

1  .59 

0.596 

0.043 

0.55 

SQ-7861 

10  Jun  66 

36°N-23°N 

16.8 

34.9 

0.477 

0.085 

0.013 

0.07 

SQ-7862 

10  Jun  66 

33°N-23°N 

18.3 

103 

1.66 

0.641 

0.045 

0 . 60 

SQ-7863 

10  Jun  66 

23°N-l0°N 

16.8 

25.1 

0.407 

0.075 

0.01  1 

0.06 

SQ-7864 

10  Jun  66 

23°N-I0°N 

18.3 

71. U 

1.17 

0.254 

0.032 

0.22 

SQ-7865 

14  Jun  66 

34°N-23°N 

19.8 

120 

2.23 

J  .09 

0.060 

1  .03 

SX-7836 

14  Jun  66 

23°N-12°N 

19.2 

144 

2.05 

0.420 

0.055 

0.36 

SQ-7866 

14  Jun  66 

07°N-09CS 

16.8 

4.8 

0.070 

0.011 

0.002 

0.01 

SX-7837 

14  Jun  66 

13°S-32°S 

18.3 

70 .3 

0.947 

2.84 

0.026 

2.8,1 

SQ-7867 

15  Jun  66 

64°N-49°N 

15.2 

110 

1.62 

0.697 

0.044 

0.65 

SQ-7868 

15  Jun  66 

49°N-37°N 

15.2 

41.2 

0.6.16 

0.158 

0.017 

0 .  1 4 
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TABLE  9A-1.  (continued) 


Collection  Latitude  Altitude 
Sample  Date  Kan  tie  (km) 


SX-7838 

17 

Jurt 

66 

08°N-09°S 

18.3 

Sq-7869 

17 

•luti 

66 

1 7°S-30°S 

16.9 

SQ- 78  71 

18 

Jun 

66 

36°N-19°N 

15.2 

SQ-7872 

18 

.Jun 

66 

l,9ON_|0°N 

15.2 

SX  -7839 

21 

<Iun 

66 

5U°N-37°N 

18.3 

SX-7841 

21 

dun 

66 

50°N-37°N 

19.2 

SX-7842 

22 

dun 

66 

64°N-49°N 

lb. 8 

SX-7843 

to  « 

dun 

66 

49°N-37°N 

16. 8 

SX-7844 

22 

Jun 

6b 

36°N-22°N 

18.3 

SX-784S 

22 

dun 

66 

36°N'-23°N 

19.6 

SX-7846 

24 

dun 

66 

64°N-46°N 

15.2 

SX-7847 

24 

dun 

66 

36°N-16°N 

16.8 

SX-7848 

25 

Jun 

66 

64°N- 49°N 

15.2 

SX-7849 

25 

dun 

66 

49°N-37°N 

15.2 

SX-78S1 

25 

dun 

66 

36°N-23°N 

15.2 

SX-78S2 

25 

dun 

66 

23°N-09°N 

15.2 

SX-78S3 

26 

Jun 

66 

36°N'-23°N 

16.8 

SX-78S4 

26 

Jun 

66 

23°N-09°N 

16.8 

SX-7855 

26 

Jun 

66 

07<>N-09°S 

16.8 

SX-78S6 

30 

Jun 

66 

35°N-23°N 

18.3 

SX-7857 

30 

Jun 

66 

23°N-10°N 

18.3 

SQ-7908 

8 

Jul 

66 

64°N-47°N 

13.1 

SX-8199 

12 

Jul 

66 

75°N-70°N 

12.2 

SQ-7909 

17 

Jul 

66 

64°N-50°N 

19.3 

SQ-7916 

18 

Jul 

66 

50ON-37«>N 

39.5 

SQ-7917 

18 

Jul 

66 

23°N-09°N 

19.4 

SQ-7911 

18 

Jul 

66 

35°S-54°S 

15.2 

SQ-7912 

18 

Jul 

66 

35°S-54°S 

16.8 

SQ-7913 

19 

Jul 

66 

14°S-33°S 

19.7 

SQ-7914 

20 

Jul 

66 

64°N-49°N 

16.8 

SQ— 791 8 

20 

Jul 

66 

36°N-23°N 

.19.3 

SQ-7915 

21 

Jul 

66 

07°N-06°S 

19.5 

SQ-8232 

25 

Jul 

66 

40°S-44°S 

12.2 

Nuclide  Concentrations  (pCi/100  SCH) 


Total 

Pu239 

Total 

Pu'^38 

BBT 

SNAP-9A 

pu238 

61.2 

0.692 

0.131 

0.019 

0.11 

18.0 

0.303 

0.427 

0.008 

0.42 

18.1 

0.319 

0.048 

0.009 

0.04 

6.5 

0.116 

0.005 

0.003 

<0.01 

152 

2.29 

1.16 

0.062 

1.10 

lbO 

2.35 

1.29 

0.063 

1.23 

200 

3.68 

1  .'59 

0.099 

1.49 

231 

3.87 

1.52 

0.104 

1.42 

160 

2.19 

0.883 

0.059 

0.82 

183 

2.94 

1.32 

0.079 

1.24 

110 

1.90 

0.632 

0.051 

0.58 

65.5 

0.969 

0.220 

0.026 

0.19 

96.7 

1.48 

0.467 

0.040 

0.42 

83.2 

1.21 

0.677 

0.033 

0.64  * 

20.9 

0.298 

0.047 

0.008 

0.04 

18.0 

0.335 

0.023 

0.009 

0.01 

80.9 

1.23 

0.336 

0.033 

0.30 

36.5 

0.586 

0.108 

0.016 

0.09 

4.54 

0.061 

0.017 

0.002 

0.02 

142 

2.31 

0.892 

0.062 

0.83 

93.7 

1.52 

0.368 

0.041 

0.33 

55.0 

1.03 

0.198 

0.028 

0.17 

44.6 

0.93 

0.14 

0.02 

0.12 

129 

2.42 

1.61 

0.065 

1.54 

183 

2.71 

1.79 

0.073 

1.72 

130 

2.27 

0.392 

0.061 

0.33 

59.9 

1.03 

3.65 

0.028 

3.62 

88.4 

1.50 

5.21 

0.040 

5.17 

94.2 

1.69 

2.14 

0.046 

2.09 

123 

2.23 

0.862 

0.060 

0.80 

151 

2.53 

1.16 

0.068 

1.09 

134 

2.46 

0.413 

0.066 

0.35 

14.8 

0.315 

0.523 

0.008 

0.52 
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TABLE  9A-1.  (continued) 

Nuclide  Concent  rat  ions  (nCi/100  SOI ) 

— — — — — 1— — » « !•  •  » *•  «*  •  t  -■ 


Sample 

Collection 

Date 

latitude 

Range 

Altitude 

(km) 

Total 

l.„239 

Total 

}i,|238 

Wcapmi 

Ig 

SNAP-9A 

I'll  *•>38 

SX-7969 

1 

Aug 

66 

08°N-13°S 

16.8 

13 

0.224 

0.111 

0.006 

0.  ID 

SX-7957 

1 

Aug 

66 

13°S-30°S 

16.8 

29 

0.460 

1.00 

0.012 

0.99 

SX-7971 

2 

Aug 

66 

64°N-50°N 

13.1 

52 

1.10 

0.251 

0.030 

0.22 

SX-7958 

4 

Aug 

66 

64°N-44°N 

11.9 

34.9 

0.494 

0.105 

0.013 

0.09 

SX-7959 

14 

Aug 

66 

64°N-37°N 

16.8 

106 

1.96 

0.6oO 

0.063 

0.61 

SX-7961 

14 

Aug 

66 

62°N-50°N 

18.3 

165 

2.73 

1.51 

0.074 

1 .44 

SX-7972 

14 

Aug 

66 

64°N-50°N 

19.4 

105 

2.24 

l.7'» 

0.060 

1.73 

SX-7973 

IS 

Aug 

66 

36°N-16°N 

15.2 

14 

0.268 

0.055 

0.007 

0.05 

SX-7974  15 

Aug 

66 

36°N-23°N 

18.3 

122 

2.22 

0.729 

0.060 

0.67 

SX-7975 

15 

Aug 

66 

36°N-23°N 

19.6 

137 

2.50 

1 .06 

0.06H 

0.99 

SX-7962 

15 

Aug 

66 

43°S-54°S 

15.2 

73 

1.19 

3.98 

0.032 

3.95 

SX-7963 

15 

Aug 

66 

33°S-53°S 

16.8 

80 

1.32 

4.11 

0.036 

4.07 

SX-7976 

16 

Aug 

66 

75°N-62°N 

18.3 

149 

2.52 

1.56 

0.068 

1.49 

SX-7964  16 

Aug 

66 

75°N-65°N 

19.2 

133 

2.90 

8.00 

0.078 

7.92 

SQ-8143  16 

Aug 

66 

75°N-65°N 

19.2 

118 

3.89 

1.7H 

0.105 

1.68 

SX-7977 

16 

Aug 

66 

50°N-37°N 

18.3 

145 

2.47 

1.07 

0.067 

1.00 

SX-797S 

16 

Aug 

66 

50°N-37°N 

19.6 

147 

2.64 

1.60 

0.071 

1.53 

SX-797° 

’7 

Aug 

66 

75°N-64°N 

15.2 

96 

1.76 

0.600 

0.048 

0.55 

SX-7981 

17 

Aug 

66 

75°N-64°N 

16.8 

135 

2.54 

1.09 

0.068 

1 .02 

SX-7965 

17 

Aug 

66 

14°S-30°S 

18.3 

83 

1.14 

0.953 

0.031 

0.92 

SX-7982 

17 

Aug 

66 

14°S-33°S 

19.9 

108 

1.94 

4.46 

0.052 

4.41 

SX-7966 

18 

Aug 

66 

64°N-40°N 

15.2 

46 

0.983 

0.270 

0.026 

0.24 

SX-7983 

18 

Aug 

66 

23°N-09°N 

18.3 

87 

1.57 

0.356 

0.042 

0.31 

SX-7984 

18 

Aug 

66 

23°N-09°N 

19.2 

115 

2.00 

0.544 

0.054 

0.49 

SX-7985 

18 

Aug 

66 

36°S-52°S 

18.3 

89 

1.40 

4.82 

0.038 

4.78 

SX-7967 

18 

Aug 

66 

33°S-52°S 

19.7 

80 

1.34 

3.37 

0.036 

3.33 

SX-7968 

19 

Aug 

66 

07°N-11°S 

18.3 

69 

1.36 

0.41 0 

0.037 

0.37 

SX-7986 

19 

Aug 

66 

09°N-11°S 

19.3 

•  126 

2.26 

0 . 549 

0.061 

0.49 

SX-8201 

23 

Aug 

66 

75°N-70°N 

12.2 

29.7 

0.537 

0.096 

0.014 

0.08 

SX-7987 

31 

Aug 

66 

33°N-26°N 

16.8 

52 

0.834 

0. 183 

0.022 

0.16 

SX-7988 

31 

Aug 

66 

26°N-10°N 

16.8 

19 

0.323 

0.054 

0.009 

0.04 

SQ-8126 

9 

Oct 

66 

35°S-54°S 

15.2 

59 

0.972 

2.32 

0.026 

2.29 

SQ-8127 

9 

Oct 

66 

33°S-54°S 

16.8 

77 

1.37 

3.39 

0.037 

3.35 

SQ-8128 

9 

Oct 

66 

36°S-51°S 

18.? 

73 

1.27 

3.42 

0.034 

3.39 

SQ-8129 

9 

Oct 

66 

33°S-51°S 

19.3 

96 

2.11 

4 . 53 

0.057 

4.47 
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TABLE  9A-1.  (continued) 

Nuclide  Concentrations  (pCt/100  SCM) 


Sample 

Collect  ion 
Date 

Latitude 

Kauue 

Altitude 

(km) 

Total 

s£o_ 

Total 

l»u239 

Total 

Pu238 

Weapon 

Pu238 

SNAP- 9 A 
PU238 

SQ-8102 

10 

Oct 

66 

35°N-23°N 

18.3 

111 

1.82 

0.629 

0.049 

0.58 

SQ-8103 

10 

Oct 

(to 

35°N-23°N 

19.8 

142 

2.05 

1.17 

0.055 

1.12 

SQ-8008 

10 

Oct 

66 

0'»c>N- 1  U°S 

20.1 

127 

2.11 

0.944 

0.057 

0.89 

SQ-8131 

10 

Oct 

66 

1 4°S-32°S 

19.5 

88 

1.59 

4.32 

0.043 

4.28 

SQ-8104 

11 

Oct 

(tO 

50°N-37°N 

18.3 

149 

2.22 

1.19 

0.060 

1.13 

SQ-8105 

11 

Oct. 

66 

50°N-37°N 

19.6 

146 

2.18 

1.77 

0.059 

1.71 

SQ-8101 

11 

Oct 

66 

•»»M-1  l°S 

,18.3 

67 

0.943 

0.658 

0.025 

0.63 

SQ-8099 

11 

Oct 

66 

ll°S-27°S 

18.3 

65 

0.960 

1.98 

0.026 

1.95 

SQ-8106 

12 

Oct 

66 

50°N’-37°N 

15.2 

45 

0 .  >39 

0.157 

0.017 

0.14 

SQ-8107 

12 

Oct 

66 

R0°N-37°N 

16.8 

85 

1  33 

0.412 

0.036 

0.38 

SQ-8108 

13 

Oct 

66 

30°N-0  *°N 

15.2 

1.08 

0.037 

0.024 

0.001 

0.02 

SQ-8109 

13 

Oct 

66 

36°N-25°N 

16.8 

20 

0.337 

0.105 

0.011 

0.09 

SQ-811) 

13 

Oct 

66 

25°N-09°N 

16.8 

10 

0.169 

0.046 

0.004 

0.04 

SQ-8112 

13 

Oct 

66 

36°N-23°N 

18.3 

94 

1.56 

0.520 

0.042 

0.48 

SQ-8113 

13 

Oct 

66 

23°N-09°N 

18.3 

95 

1.69 

0.631 

0.046 

0.58 

SQ-811 4 

13 

Oct 

66 

36°N-09°N 

19.6 

104 

1.68 

0.764 

0.045 

0.72 

SQ-8144 

26 

Oct 

66 

64°N-55°N 

13.1 

26 

0.762 

0.225 

0.020 

0.20 

SQ-811 5 

27 

Oct 

66 

09°N-07°S 

16.8 

11 

0.215 

0.144 

0.006 

0.14 

SQ-8.116 

27 

Oct 

66 

15°S-3l°S 

16.8 

50 

0.802 

1.76 

0.022 

1.74 

SQ-8145 

28 

Oct 

66 

64°N-55°N 

11.9 

18 

0.346 

0.078 

0.009 

0.07 

SQ-8146 

10 

Nov 

66 

75°N-6l°N 

18.2 

96 

2.07 

1.75 

0.056 

1.69 

SQ-8147 

10 

Nov 

66 

75°N-64°N 

19.3 

90 

2.02 

2.12 

0.054 

2.07 

SQ-8148 

10 

Nov 

66 

1 3°S-32°S 

19.3 

63 

1.43 

2.10 

0.039 

2.06 

SQ-8149 

11 

Nov 

66 

75°N-64°N 

15.2 

100 

2.07 

0.817 

0.056 

0.76 

SQ-8151 

11 

Nov 

66 

75°N-64°N 

16.8 

127 

2.51 

1.58 

0.068 

1.51 

SQ-8152 

11 

Nov 

66 

35°S-54°S 

15.2 

54 

0.799 

2.12 

0.022 

2.10 

SQ-8153 

11 

Nov 

66 

33°S-54°S 

16.8 

37 

0.758 

1.49  . 

0.020 

1.47 

SQ— 8 .1.56 

12 

Nov 

66 

34°S-54°S 

7.6 

0.61 

0.026 

0.027 

0.001 

0.03 

SQ-8157 

12 

Nov 

66 

33°S-50°S 

9.1* 

1.2 

0.044 

0.036 

0.001 

0.04 

SQ-8154 

12 

Nov 

66 

36°S-54°S 

18.3 

65 

1.12 

3.22 

0.030 

3.19 

SQ-8155 

12 

Nov 

66 

33°S-54°S 

19.8 

58 

0.915 

2.82 

0.025 

2.80 

SQ-8158 

13 

Nov 

66 

35°N-22°N 

19.6 

125 

2.25 

1.27 

0.06! 

1.21 

SQ-8.159 

13 

Nov 

66 

08 °N- 1 0°S 

19.2 

69 

1  .36 

0.624 

0.037 

0.59 

SQ- 8  1.6.1 

15 

Nov 

66 

36°N-10°N 

9.4 

0.14 

0.008 

0.001 

- 

<0.01 
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TABU.  9A-1.  (continued) 


Nuclide  !  jncenit’Ut  ion.-i  ( i>t*. i / 1 1 H)  ,SCM) 


Collection  Latitude  Altitude 
Sample  Date  Kaoge  _ 


SQ-8229 

22  : 

Nov 

66 

64°N-55°N 

11.9 

SQ-8231 

22 

Nov 

66 

64°N-55°N 

13.1 

SX-8202 

4 

Dec 

66 

35°N-10°N 

7.5 

SX-H203 

4 

Dec 

66 

35°N-09°N 

16.8 

SX-8221 

4 

Dec 

66 

34°N-22°N 

18.3 

SX-8222 

4 

Dec 

66 

22oN-10°N 

19.9 

SX-8204 

S 

Dec 

66 

64°N-37°N 

16.8 

SX-8223 

5 

Nc 

66 

64°N-37°N 

18.2 

SX-8205 

S 

Dec 

66 

35°N-09°N 

15.2 

SX-8206 

6 

Dec 

66 

07°N-12°S 

16.8 

SX-8207 

6 

Dec 

66 

14°S-32°S 

19.4 

SX-8208 

7 

Dec 

66 

75°N-64°N 

15.2 

SX-8224 

7 

Dec 

66 

75°N-64°N 

16.8 

SX-8225 

7 

Dec 

66 

75°N-62°N 

18.3 

SX-8226 

7 

Dec 

66 

75°N-65°N 

19.2 

SX-8209 

7 

Dec 

66 

34°S-54°S 

7.6 

SX-8211 

7 

Dec 

66 

35°S-5l°S 

15.2 

SX-P212 

7 

Dec 

66 

34°S-51°S 

16.8 

SX-8213 

8 

Dec 

66 

64°N-36°N 

15.2 

SX-6214 

8 

Dec 

66 

36°S-51°S 

18.3 

SX-8215 

8 

Dec 

66 

34°S-51°S 

19.4 

SX-8228 

9 

Dec 

66 

35°N-22°N 

19.4 

SX-8227 

9 

Dec 

66 

22°N-09oN 

18.3 

SX-8218 

9 

Dec 

66 

08°N-10°S 

18.3 

SX-8219 

9 

Dec 

66 

08°N-09°S 

19.4 

SX-8218 

9 

Dec 

66 

ll°S-3l°S 

15.2 

SX-8217 

9 

Dec 

66 

11°S-30°S 

16.8 

SX-8253 

19 

Dec 

66 

64°N-55°N 

11.9 

SX-8254 

19 

Dec 

66 

64°N-55°N 

13.1 

Total 

Sr90 

Tot.« 

Pu-“ 

Totul 

,,u238 

Weapon 

|)„238 

SNAP-* 

PU238 

12 

0.212 

0.052 

0.006 

0.05 

34 

0.664 

0.184 

0.0,18 

0.17 

0.18 

0.006 

0.003 

0.000 

<0.01 

11.4 

0.262 

0.084 

0.007 

“0.08 

82. 

1.38 

0.560 

0.037 

0.52 

112 

2.02 

1.06 

0.054 

1 .01 

63 

1.64 

0.928 

0.044 

0.88 

97 

1 .86 

1.24 

0.050 

1.19 

6.5 

0.159 

0.051 

0.004 

0.05 

9.2 

0.174 

0.250 

0.005 

0.24 

55. 

1.17 

2.67 

0.032 

2.64 

112 

2.38 

1.41 

0.064 

1 .35 

86 

1.22 

1.27 

0.033 

1.24 

100 

1.68 

1.69 

0.045 

1.64 

69 

1.24 

1  .59 

0.033 

1 . 56 

1.0 

0.028 

0.034 

0.001 

0.03 

33 

0.866 

1.45 

0.023 

1.43 

40 

0.730 

1.82 

0.020 

1  .80 

76 

1.36 

0.719 

0.037 

0.68 

68 

1.19 

3.46 

0.032 

3.43 

58 

1.15 

4.10 

0.031 

4.07 

105 

2.00 

1 .21 

0.054 

1.16 

0.926 

0.325 

0.025 

0.30 

35 

0.857 

0.511 

0.023 

0.49 

70 

1.50 

0.734 

0.040 

0.69 

2.9 

0.086 

0.092 

0.002 

0.09 

12.1 

0.311 

0.364 

0.008 

0.36 

12.8 

0.322 

0 . 1 12 

0.009 

0.10 

14.1 

0.355 

0 . 143 

0.010 

0.13 

479 


ISOTOPES 

A  Teledyne  Company 


TABLE  9A-1.  (continued) 

Nuclide  Concentrations  (pCl/100  SCM) 


Sample 

Collection 

Date 

Latitude 

Ranee 

Altitude 

(km) 

Total 

Sr90 

Total 

PU239 

Total 

Pu238 

Weapon 

pu258 

3& 

SQ-8255 

<» 

*> 

Jan 

67 

64°N-37°N 

16.8 

61.4 

1.60 

1.03 

0.04 

0.99 

SQ-8256 

3 

Jan 

67 

61°N-37°N 

IS. 2 

43.8 

0.938 

0.870 

0.02 

0.85 

SQ-8261 

4 

Jan 

67 

75°N-64°N 

19.4 

89.9 

1.63 

1.60 

0.04 

1.54 

SQ-8257 

4 

Jan 

67 

08°N-10°S 

19.7 

72.3 

2.42 

1.49 

0.06 

1.43 

SQ-8262 

4 

Jan 

67 

35°S-S3°S 

15.2 

36.2 

1.04 

1.80 

0.03 

1.77 

SQ-8263 

4 

Jan 

67 

34°S-S3°S 

16.8 

55.0 

0.890 

2.84 

0.02 

2.82 

SQ-8264 

8 

Jan 

67 

62°N-51°N 

18.3 

93.7 

1.70 

1.38 

0.04 

1.34 

SQ-8265 

5 

Jan 

67 

64°N-5  L°N 

19.4 

78.2 

1.85 

1.65 

0.05 

1.60 

SQ-8326 

5 

Jan 

67 

35°N-22°N 

19.9 

81.4 

1.64 

1.37 

0.04 

1.33 

SQ-8266 

S 

Jan 

67 

22°N-09°N 

20.3 

103 

1.59 

0.548 

0.04 

0.51 

SQ-825H 

5 

Jan 

67 

35°S-50°S 

18.3 

52.0 

1.18 

4.03 

0.03 

4.00 

SQ-8267 

5 

Jan 

67 

34°S-50°S 

19.5 

67.4 

1.24 

4.14 

0.03 

4.11 

SQ-8259 

6 

Jan 

67 

14°S-33°S 

18.3 

25.3 

0.624 

1.41 

0.02 

1.39 

SQ-8312 

20 

Jan 

67 

64°N-44°N 

11.9 

27.4 

0.950 

0.396 

0.02 

0.38 

SQ-8313 

20 

Jan 

67 

64°N-40°N 

13.1 

47.9 

1.47 

0.747 

0.04 

0.71 

SQ-8314 

29 

Jan 

67 

14°S-31°S 

18.3 

28.3 

0.649 

(0.348) 

0.02 

(0.33) 

SQ-8315 

29 

Jan 

67 

14°S-32°S 

19.9 

36.9 

1.20 

3.90 

0.03 

3.87 

SQ-8431 

29 

Jan 

67 

14°S-31°S 

18.3 

26.6 

0.563 

1.69 

0.02 

1.67 

SQ-8298 

30 

Jan 

67 

64°N-50°N 

18.3 

56.6 

1.60 

1.59 

0.04 

1.55 

SQ-8309 

30 

Jan 

67 

64°N-S2°N 

18.9 

62.1 

1.56 

1.65 

0.04 

1.61 

SQ-8301 

30 

Jan 

67 

S0ON-37°N 

15.2 

19.4 

0.526 

0.309 

0.01 

0.30 

SQ-8316 

30 

Jan 

67 

35°S-52°S 

18.3 

37.4 

1.02 

2.87 

0.03 

2.84- 

SQ-8317 

30 

Jan 

67 

34°S-S2°S 

19.5 

45.5 

1.11 

4.00 

0.03 

3.97 

SQ-8301 

30 

Jan 

67 

50°N-38°N 

16.8 

88.5 

2.13  . 

1.24 

0.06 

1.18 

SQ-8318 

31 

Jan 

67 

35°S-52°S 

15.2 

28.8 

0.582 

1.46 

0.02 

1.44- 

SQ-8319 

31 

Jan 

67 

34°S-52°S 

16.8 

61.0 

0.849 

2.56 

0.02 

2.54 

SQ-8302 

1 

Feb 

67 

75°N-64°N 

15.2 

62.0 

1.67 

1.52 

0.04 

1.48 

SQ-8303 

1 

Feb 

67 

75°N-64°N 

16.8 

47.8 

1.29 

1.81 

0.03 

1.78 

SQ-8321 

1 

Feb 

67 

64°N-55°N 

15.2 

52.5 

1.71 

1.01 

0.05 

.96 

SQ-8322 

1 

Feb 

67 

50°N-36°N 

18.3 

84.4 

1.94 

1.62 

0.05 

1.57 

SQ-8304 

1 

Feb 

67 

os°N-oy°s 

16.8 

2.56 

0.072 

0.080 

0.00 

0.08 

SQ-8305 

1 

Feb 

67 

08°N’-.10oS 

19.2 

54.7 

1.38 

1.60 

0.04 

1.56 

SQ-8306 

1 

Feb 

67 

i  1 °S-3 ! °S 

16.8 

6.9-j 

0.191 

0.347 

O.OJ 

0.34 

SQ-8307 

O 

Feb 

6" 

!,'  .3 

3b.  1 

1  .00 

1.07 

0.03 

1.04 

SQ-8308 

*) 

Feb 

(i7 

l.l°S-3l°S 

If  .2 

0.857 

0.034 

0.053 

0.00 

0.05 
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TABLE  9A-1.  (continued) 


Collection  Latitude  Altitude 


Sample 

SQ-8323 

Date 

Ranae 

(km) 

3  Feb  67 

63°N-50°N 

16.8 

SQ-8327 

3  Feb  67 

47°N-35°N 

19.1 

SQ-8324 

3  Feb  67 

35°N-10°N 

16.8 

SQ-8325 

3  Feb  67 

35°N-10°N 

18.3 

SQ-8432 

3  Feb  67 

63°N-50°N 

16.8 

SQ-8433 

3  Feb  67 

47°N-35°N 

19.1 

SX-8354 

27  Feb  67 

21°N-10°N 

19.2 

SX-8335 

28  Feb  67 

64°N-37°N 

16.8 

SX-8343 

1  Har  67 

19°S-32°S 

19.4 

SX-8338 

2  Har  67 

75°N-64°N 

18.3 

SX-8339 

2  Har  67 

75°N-64°N 

19.1 

SX-8355 

2  Har  67 

50°N-37°N 

18.3 

SX-83S6 

2  Har  67 

50°N-35°N 

19.7 

SX-8344 

2  Har  67 

14°S-32°S 

18.3 

SX-8336 

3  Har  67 

75°N«64°N 

1S.2 

SX-8387 

3  Mar  67 

75°N-o4°N 

16.8 

SX-8341 

3  Har  67 

64°N-51°N 

18.3 

SX-8342 

3  Mar  67 

64°N-51°N 

19.5 

SX-834* 

4  Mar  67 

62°N-44°N 

15.2 

SX-8346 

4  Mar  67 

35°S-52°S 

15.2 

SX-8347 

4  Mar  67 

34°S-52°S 

16.8 

SX-8348 

4  Mar  67 

35°S-52°S 

18.3 

SX-8349 

4  Mar  67 

34°S-52°S 

19.2 

SX-8357 

6  Mar  67 

35°N-23°N 

19.0 

SX-8353 

6  Mar  67 

08°N-09°-S 

19.1 

SX-8351 

6  Mar  67 

19°S-3l°S 

15.2 

SX-8352 

6  Mar  67 

ll°S-3l°S 

16.8 

SX-8358 

8  Mar  67 

34°N-10°N 

18.3 

SX-8374 

16  Mar  67 

64°N-55°N 

13.1 

SX-8375 

17  Mar  67 

64°N-S5°N 

11.9 

SQ-8385 

26  Mar  67 

35°N-26°N 

15.2 

SQ-8386 

26  Mar  67 

35°N-26°N 

16.8 

SQ-8376 

27  Mar  67 

64°N-37°N 

16.8 

SQ-8378 

27  Mar  67 

64°N-50°N 

18.8 

SQ-8407 

28  Mar  67 

]3°S-32°S 

19.5 

Nuclide  Concentrations  (pCi/100  SCM) 


Total 

Total 

Total, 

Weapon 

SNAP- 9 A 

Sr90 

PU239 

Pu238 

I>u238 

pu238 

51.9 

1.52 

1 .01 

0.04 

0.97 

82.0 

2.08 

1 .62 

0.06 

1.56 

9.16 

0.524 

0.361 

0.01 

0.35 

29.0 

0.779 

0.417 

0.02 

0.40 

54.3 

1.38 

0.945 

0.04 

0.90 

71.1 

1.37 

1.31 

0.04 

1.27 

66.7 

1.53 

0.696 

0.04 

0.66 

63.6 

1.38 

1.05 

0.04 

1  .01 

63.3 

1.19 

2.62 

0.05 

2 . 59 

(49.0) 

2.23 

1.22 

0.06 

1.16 

50.6 

1.32 

1.58 

0.04 

1.54 

72.0 

1.47 

1.21 

0.04 

1.17 

73.3 

2.12 

2.42 

0.06 

2.36 

45.2 

0.742 

1.73 

0.02 

1.71 

56.0 

1.81 

0.769 

0.05 

0.72 

45.4 

1.12 

0.718 

0.03 

0.69 

60.4 

1.30 

1.24 

0.04 

1.20 

46.6 

1.40 

2.05 

0.04 

2.01 

34.8 

0.845 

0.526 

0.02 

0.51 

19.8 

0.413 

0.920 

0.01 

0.91 

31.1 

0.514 

1.28 

0.01 

1.27 

51.3 

0.826 

2.46 

0.02 

2.44 

72.0 

1.74 

5.30 

0.05 

5.25 

73.2 

1.32 

1.02 

0.04 

0.98 

56.6 

1.22 

0.966 

0.03 

0.94 

15.3 

0.423 

0.494 

0.01 

0.48 

5.32 

0.153 

0.240 

0.00 

0.24 

49.1 

0.920 

0.606 

0.02 

0.59 

24.3 

0.607 

0.435 

0.02 

0.42 

31.5 

0.654 

0.345 

0.02 

0.32 

12.4 

0.272 

0.186 

0.01 

0.18 

41.2 

0.812 

0.504 

0.02 

0.48 

46.0 

1.06 

0.81 0 

0.03 

0.78 

64.3 

1  .08 

!  .01 

0.03 

0.98 

41.7 

0.884 

■j.oo 

0.02 

1  .98 
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TABLE  9A -I •  (continued) 

Nuclide  Concentrations  (pCi/100  SCM) 


Collection 

Lat itude 

Altitude  Total 

Total 

Total 

Weapon 

SNAP-f 

Sample 

Date 

Ranee 

Sr90 

Pu^39 

PU238 

Pu2o8 

PU238 

SQ-8387 

29  Mar  67 

75°N-64°N 

15.2 

57.6 

1.20 

1.22 

0.03 

1.19 

SQ-8536 

29  Mar  67 

75°N-64°N 

15.2 

66.2 

1.34 

1.21 

0.04 

1.17 

SQ-8388 

29  Mar  67 

75°N-64°N 

16.8 

40.9 

0.809 

1.94 

0.02 

1 .92 

SQ-8537 

29  Mar  67 

75°N-64°N 

16.8 

44.5 

1.71 

2.25 

0.Q5 

2.20 

SQ-8538 

29  Mar  67 

75°N-64°N 

18.3 

25.7 

0.619 

1.86 

0.02 

1.84 

SQ-8381 

29  Mar  67 

75°N-64°N 

19.7 

(12.0) 

0.384 

1.95 

0.01 

1.94 

SQ-8539 

29  Mar  67 

75°N-64°N 

19.7 

18.0 

0.383 

2.22 

0.01 

2.21 

SQ-8389 

29  Mar  67 

35°N-22°N 

18.3 

60.8 

1.17 

0.865 

0.03 

0.84 

SQ-8379 

29  Mar  67 

22°N-09°N 

20.0 

70.3 

1.23 

0.921 

0.03 

0.89 

SQ-8408 

29  Mar  67 

35°S-52°S 

15.2 

34.0 

0.527 

1.29 

0.01 

1.28 

SQ-8409 

29  Mar  67 

35°S-52°S 

16.8 

41.6 

0.751 

2.26 

0.02 

2.24 

SQ-8377 

30  Mar  67 

64°N-35°N 

15.2 

43.8 

1.07 

0.765 

0.03 

0.74 

SQ-8382 

30  Mar  67 

64°N-47°N 

17.9 

(  2.24) 

1.36 

1.06 

0.04 

1.02 

SQ-8383 

30  Mar  67 

47°N-35°N 

19.2 

67.5 

1.34 

1.56 

0.04 

1.52 

SQ-8411 

30  Mar  67 

35°S-52°S 

18.3 

50.8 

0.965 

3.50 

0.03 

3.47 

SQ-8412 

30  Mar  67 

34°S-52°S 

19.5 

47.1 

0.812 

3.02 

0.02 

3.00 

SQ-8391 

31  Mar  67 

08°N-09°S 

18.3 

29.5 

0.580 

0.513 

0.02 

0.49 

SQ-8384 

1  Apr  67 

35°N-22°N 

19.8 

66.4 

1.37 

0.930 

0.04 

0.89 

SQ-8392 

1  Apr  67 

22°N-14°N 

18.3 

56.5 

1.04 

0.584 

0.03 

0.55 

SQ-8413 

11  Apr  67 

64°N-55°N 

11.9 

40.9 

0.680 

0.454 

0.02 

0.43 

SQ-8414 

11  Apr  67 

64°N-55°N 

13.1 

37.9 

0.644 

0.460 

0.02 

0.44 

SQ-8415 

11  Apr  67 

47°N-41°N 

11.9 

(0.568) 

0.621 

0.361 

0.02 

0.34 

SQ-8416 

11  Apr  67 

47°N-41°N 

13.1 

28.8 

0.517 

0.271 

0.01 

0.26 

SQ-8417 

23  Apr  67 

22°N-10°N 

19.4 

60.8 

1.33 

1.03 

0.04 

0.99 

SQ-8438 

24  Apr  67 

64°N-37°N 

16.8 

(30.3) 

0.873 

0.947 

0.02 

0.93 

SQ-8439 

25  Apr  67 

62°N-50°N 

18.3 

33.0 

0.754 

1.18 

0.02 

1.16 

SQ-8441 

25  Apr  67 

63°N'-50°N 

19.3 

35.9 

0.884 

1.66 

0.02 

1.64 

SQ-8444 

26  Apr  67 

14°S-32°S 

19.5 

35.6 

0.830 

2.41 

0.02 

2.39 

SQ-8445 

26  Apr  67 

35°S-52°S 

15.2 

2.76 

0.134 

0.396 

0.00 

0.40 

SQ-8446 

26  Apr  67 

34°S-52°S 

16.8 

22.8 

0.506 

1.29 

0.01 

1.28 

SQ-8434 

27  Apr  67 

75°N-64°N 

19.1 

(24.4) 

(0.593) 

(1.25) 

(0.02) 

(1.23) 

SQ-8435 

27  Apr  67 

50°N-37°N 

19.2 

(45.6) 

1.18 

1.22 

0.03 

1.19 

SQ-8442 

27  Apr  67 

35°S-52°S 

18.3 

(26.8) 

(0.725) 

(2.44) 

(0.02) 

(2.22) 

SQ-8443 

27  Apr  67 

34°S-52°S 

19.4 

(22.6) 

(0.828) 

(3.09) 

(0.02) 

(3.07) 

SQ-8447 

28  Apr  67 

64°N-35°N 

15.2 

27.5 

0.815 

0.740 

0.02 

0.72 

SQ-8436 

29  Apr  67 

08°N-14°S 

19.4 

39.1 

1.06 

1.32 

0.03 

1.29 

SQ-8437 

30  Apr  67 

35°N-22°N 

19.1 

59.4 

1.01 

0.767 

0.03 

0.74 
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TABLE  9A-1.  (continued) 

Nuclide  Concentrations  (pCi/100  SCMj 


Sample 

Collection 

Date 

Latitude 

Range 

Altitude 

(km) 

Total 

Sr*0 

Total 

PU239 

Total 

Pu238 

Weapon 

pu238 

SNAP-9A 

Pu238 

SQ-8463 

9  Hay  67 

64°N-48°N 

11.9 

27.9 

Lost 

Lost 

Lost 

Lost 

SQ-B464 

11  May  67 

64°N-36°N 

13.1 

25.2 

0.686 

0.511 

0.02 

0.49 

SX-8466 

25  May  67 

64°N-37°N 

16.8 

45.9 

1.00 

0.986 

0.03 

0.96 

SX-8467 

26  May  67 

75°N-64°N 

15.2 

35.4 

0.749 

0.832 

0.02 

0.81 

SX-8468 

26  May  67 

75°N-64°N 

16.8 

58.9 

1.20 

0.879 

0.03 

0.85 

SX-8469 

26  May  67 

61°N-51°N 

19.4 

57.5 

1.63 

1.56 

0.04 

1.52 

SX-8471 

26  May  67 

50°N-37°N 

18.3 

57.4 

1.21 

1.16 

0.03 

1.13 

SX-8472 

26  May  67 

35°N-10°N 

18.3 

50.5 

1.14 

1.06 

0.03 

1.03 

SX-8473 

27  May  67 

75°N-64°N 

18.3 

(20.8) 

1.34 

1.97 

0.04 

1.93 

SX-8474 

27  May  67 

75°N-64°N 

19.0 

48.6 

0.876 

1.37 

0.02 

1.35 

SX-8475 

27  May  67 

64°N-40°N 

15.2 

40.5 

0.720 

0.598 

0.02 

0.58 

SX-8476 

27  May  67 

35°N-22°N 

16.8 

17.7 

0.384 

0.276 

0.01 

0.27 

SX-,7477 

28  May  67 

64°N-50°N 

18.3 

(23.9) 

1.21 

1.11 

0.03 

1.08 

SX-8478 

28  May  67 

49°N-36°N 

19.8 

32.6 

0.821 

1.36 

0.02 

1.34 

SX-8479 

28  May  67 

14°S-32°S 

16.8 

24.3 

0.458 

1.02 

0.01 

1.01 

SX-8481 

28  May  67 

03°N-27°S 

18.3 

(2.37) 

(2.41) 

(1.43) 

(0.06) 

(1.37) 

SX-8482 

29  May  67 

14°S-32°S 

19.1 

31.9 

0.453 

1.12 

0.01 

1.11 

SX-8484 

30  May  67 

03°N-15°S 

18.8 

48.7 

1.02 

0.890 

0.03 

0.86 

SX-8483 

30  May  67 

15°N-30°S 

15.2 

10.6 

0.193 

0.437 

0.00 

0.44 

SX-B485 

30  May  67 

35°S-52°S 

15.2 

23.0 

0.614 

1.21 

0.02 

1.19 

SX-B486 

30  May  67 

34°S-52°S 

16.8 

38.1 

0.633 

2.12 

0.02 

2.10 

SX-8487 

31  May  67 

34°S-52°S 

18.3 

32.6 

Lost 

Lost 

Lost 

Lost 

SX-B488 

31  May  67 

34°S-52°S 

19.4 

33.4 

0.610 

2.78 

0.02 

2.76 

SX-8489 

1  June  67 

35°N-10°N 

19.0 

41.4 

0.683 

0.644 

0.02 

0.62 

SX-8491 

6  June  67 

64°N-55°N 

11.9 

14.9 

0.261 

0.176 

0.01 

0.17 

SX-B492 

6  June  67 

64°N-55°N 

13.1 

21.6 

0.502 

0.380 

0.01 

0.37 

SX-8493 

6  June  67 

47°N-41°N 

11.9 

16.9 

0.307 

0.208 

0.01 

0.20 

SX-8494 

6  June  67 

48°N-41°N 

13.1 

24.1 

0.436 

0.296 

0.01 

0.29 
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CHAPTER  10.  STRATOSPHERIC  DISTRIBUTION  OF  COSMIC  RAY  ACTIVITY 

Radionuclides  are  produced  continuously  in  the  atmosphere  primarily  by 
secondary  cosmic  ray  neutrons  and  protons  interacting  with  nitrogen,  oxygen  and 
argon  nuclei.  Although  their  production  rates  remain  .relatively  constant  with 
time,  the  rates  vary  considerably  with  altitude  arid  latitude.  A  list  of  known 
cosmogonic:  radionuclides  along,  with  their  half-lives  is  given  in  Table  112. 

With  the  exceptions  of  the  argon  isotopes  the  table  was-  reproduced  from  Young 

60  63 

et  al  .  Argon-39  was  first  detected. in  the  atmosphere  by  Loosli  and  Oeschger 

64 

and  argon-37  by  Schell 

The  stratospheric  uitd  tropospheric  concentrations  and  ratios  of  the 
short-lived  radionuclides  can  be  used  td  study  atmospheric- circulation  and  mix¬ 
ing  patterns  if  the  equilibrium  concentrations  of  the  radionuclides  die  known. 

Absolute  production  rates  of  many  of  the  nuclides  in  Table  112  have  been 

61  62 

estimated  by  Lai  and  Peters  and  by  Bhandari,  Lai  and  .Rama  and  have- been  used 
for  comparisons  with  the  stratospheric  concentrations  of  four  radionuclides 
measured  under  Project  STARDUST. 

During  various  time  intervals  from  late  1959  through  early  1965 
STARDUST  filter  samples  were  analyzed  for  a  number  of  radionuclides  including 
four  produced  by  cosmic  rays:  beryllium-7,  phosphorus -32,  phosphorus-3.3,  and 
sod.ium-22 . 

Stratospheric  Distribution  of  Beryllium-7,  Phosphovus-32  and  Phosphorus-33 

The  phosphorus  samples  were  beta -counted  with  and  without  absorbers 
to  determine  the  relative  contributions  of  1.71  Mev  phosphorus-32  arid  0.25  Mev 
phosphorus-33  beta  particles.  The  measurements  of  phosphorus-32  were  ufoderately 
successful,  hut  those  of  phosphorus-33  were  less  so.  An  unsuccessful  attempt  was 
made  to  improve  the  phosphorus-33  data  by  eliminating  counting  through  absorbers. 
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TABLE  112 .  Half-Lives  and  Decay  Characteristics  of  Cosmic  Ray-Produced  Radionuclides 


Radionuclide 


10 


Be 


36 


Cl 


14„ 


32Si 


39 


Ar 


H 

22 

35, 


Na 


Be 

37 


Ar 


33, 


32, 


28, 


Mg 


24 


Na 


38, 


31Si 


39 


Cl 

38ci 

34m 


Cl 


HaJ.f-L.ife 
2.7  x  10 6  years 
3.1  x  105 
5.57  x  103 
~7 . 0  x  102 
2.70  x  102 

12.3 

2.6 

88  days 
53 
35 
25 

14.3 

21.3  hours 
15.0 

2.9 
2.62 
55  min 
37 
32 
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and  by  using  instead  the  resolution  of  the  phosphorus  beta  decay  curve  into  two 
components  (14.3  day  phosphorus-32  and  25  day  phosphorus-33)  to  distinguish  be¬ 
tween  the  contributions  .of  t lie  two  radioisotopes.  Unfortunately,  by  the  time  the 
samples  reached  the  laboratory  and  were  processed  only  low  levels  of  phosphorus 
activity  remained,  and  this  limited  the  accuracy  of  the  measurements. 

The  beryllium-7  analysis  utilizes  gamma  speetrometric  measurement  of 
the  0.48  Mev  gamma  ray,  and  inspection  of  the  gamma  spectrum  for  each  sample 
assures  its  radiochemical  purity.  Nevertheless,  it  was  decided  that  additional 
evidence  for  the  purity  of  the  samples-- should  be  obtained,  since  the  samples 
which  appeared  to  contain  excess  beryllium-7  were  those  which  also  contained 
high  activities  of  short-lived  fission  products.  To  provide  such  evidence  the 
decay  of  a  series  of  samples  collected  during  late  1962  and  early  1963  was  moni¬ 
tored.  Data  for  four  such  samples -are  shown  in  Figure  109.  Decay  curves  for  the 
53  day  half  life  of  beryllium-7  are  drawn  through  them.  The  fit  of  the  curves 
to  tiie  data  is  adequate  even  though  the  accuracy  of  the  measurements  was  re¬ 
duced  by  tiie  delay  of  several  mouths  between  the  collection  of  the  samples  and 
their  analysis.  In  addition,  relatively  small  aliqu-ots  of  the  samples  were  used 
in  the  analyses  because  they  contained  high  activities  of  fission  products.  The 
beryllium-7  arid  phosphorus-32  data  are  probably  the  most  reliable  of  all  of  the 
activities  of  cosmic  ray  products  measured.  Nevertheless,  some  of  the  results 
for  these  nuclides  appear  to  be  too  high  or  too  low  compared  to  the  concentra¬ 
tion  range  expected  in  the  stratosphere. 

The  mean  distribution  of  beryllium-7  in  the  STARDUST  (or  HASP)  sampling 
corridor  (see  p.lS  of  Final  Report  on  Project  STARDUST,  Volume  1  for  description 
of  the  corridor)  has  been  calculated  for  each  of  a  series  of  time  intervals  from 
October  1959  to  March  1963.  These  distributions  are  shown  in  Figures  1.1 0,  111  and 
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COUNTING  DATE  (1963) _ _ 

May  I  Jun  I  Jul  Aug  Sep 


FIGURE  109-  DECAY  CURVES  OF  FOUR  HIGH  ACTIVITY  BERYLLIUM -7 

SAMPLES 
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LATITUDE 


*  ■  ■ 

MAY  1962 -AUG  1962 


STRATOSPHERIC  Di^TRIBUTION  OF  BERYLLIUM-7 


LATITUDE 
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(siaiauionin  30niinv 


FIGURE  M2  STRATOSPHERIC  DISTRIBUTION  OF  BERYLLIUM -7  (pCi/IOO  SCM) 
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A  theoretical  distribution  in  a  quiescent  atmosphere,  based  on  beryllium-7 

61 

production  rates  calculated  by  Lai  and  Peters  is  included  in  each  of'  these 
figures  for  purposes  of  comparison. 

The  mean  distributions  shown  in  Figure  110  are  for  October  1959  to 
June  1960  and  June  to  September  1961  and  the  data  iri  tabular  form  are  given 
in  Tables  113  and  114.  The  concentrations  found  in  the  vicinity  of  the  tropo- 
pause  and  of  the  tropopause  gap  were  generally  lower  than  predicted  for  a 
quiescent  atmosphere.  This  was  expected,  of  course,  for  the  tropopause  acts 
as  a  sink  for  beryllium-7  just  as  it  does  for  debris  from  nuclear  weapons  tests. 

The  concentrations  found  in  the  polar  stratosphere  were  lower  than  the  theoreti¬ 
cal,  but  those  found  in  the  tropical  stratosphere  were  slightly  higher  than  the 
theoretical.  This  situation  could  results  from  eddy  diffusion  in  the  meridional 
direction. 

In  Figure  HI  are  shown  the  mean  distributions  for  January  to  April  1962 

and  May  to  August  1962.  The  data  for  the  same  time  interval  are  given  in  Table  115. 

During  the  first  of  these  intervals  rather  high  concentrations  of  beryllium-7 

65 

were  found  in  the  northern  polar  stratosphere.  Bleichrodt  has  described  the 
presence  of  artificial  beryllium-7,  produced  by  the  1961  Soviet  test  series,  at 
13  Km  in  the  stratosphere  from  October  to  November  1961.  The  high  concentrations 
of  beryllium-7  in  the  STARDUST  sampling  corridor  during  the  first  third  of  1962 
are  consistent  with  Bleichrodt’ s  conclusion  that  beryllium-7  is  produced  by  atmos¬ 
pheric  nuclear  explosions.  Even  stronger  evidence  for  such  artificial  production 
of  this  nuclide  is  found  in  the  very  high  concentrations  of  the  tropical  strato¬ 
sphere  during  the  interval  May  to  August  1962.  These  high  concentrations  of 
beryllium-7  were  associated  with  fresh  debris  from  the  mid-1962  United  States 
weapons  tests  at  Christmas  Island. 
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TABLE  113  .  Berylliuin-7  Activities  for  Samples 
Collected  from  October  1959  through  June  1960 


Sample 

No. 

Collection 

Date 

Latitude 

Altitude 

(km) 

pCi  Be 
100  SCM 

0-1 

27  Oct  59 

70°N-50°N 

18.3 

1160 

0-2 

27  Oct  59 

70°N-50’°N 

19.8 

1370  , 

0-3 

28  Oct  59 

70oN-66°N 

21.3 

1160 

D1 

1  Dec  59 

71°N-61°N 

16.8 

1030 

D2 

1  Dec  59 

71°N-56°N 

18.3 

1570 

D3 

1  Dec  59 

71°N-61°N 

19.8 

989 

D4 

1  Dec  59 

09°N-08-°S 

19.8 

507 

D5 

1  Dec  59 

03°N-08°S 

19.8 

657 

D6 

3  Dec  59 

68°N-50°N 

13.7 

949 

D7 

8  Dec  59 

48°N-2,8°N 

16.8 

1100 

D8 

10  Dec  59 

50°N-28°N 

19.8 

1510 

D9 

15  Dec  59 

68°N-50°N 

13.7 

714 

DIO 

17  Dec  59 

70°N-50°N 

15.2 

1220 

Dll 

17  Dec  59 

71°N-68°N 

18.3 

1320 

D12 

18  Dec  59 

48°N-33°N 

16.8 

731 

D13 

22  Dec  59 

20°N-13°N 

21.3 

781 

D14 

23  Dec  59 

50°N-39°N 

19.8 

1160 

J1 

5  dan  60 

47°N-28°N 

19.8 

1110 

J4 

7  Jan  60 

66°N-58°N 

12.2 

928 

J3 

7  Jan  60 

58°N-50°N 

12.2- 

733 

J  5 

7  Jan  60 

44°N-31°N 

12.2 

617 

J2 

7  Jan  60 

48°N-28°N 

16.8 

510 

J9 

12  Jan  60 

66°N-50°N 

16. 8‘ 

981 

J10 

12  Jan  60 

70°N-60°N 

18.3 

1200 

Jll 

12  Jari  60 

70°N-58°N 

19.8 

1850 

J6 

12  Jan  60 

15°N-08°S 

19.8 

485 

J7 

12  Jan  60 

15°N-02°S 

21.3- 

501 

JS 

12  Jan  60 

0  3°N-08°S 

21.3 

424 

J 12 

14  Jan  60 

15°N-08°S 

21.3 

447 

J13 

15  Jan  60 

48°N 

19.8 

1260 

JIT 

19  Jan  60 

67°N-50°N 

12.2 

663 

JI 5 

19  Jan  60 

590N-38l>N 

12.2 

808 

J.16 

19  Jan  60 

48°N-38°N 

15.2 

916 

J17 

19  Jan  60 

48°N-28°N 

16.8 

774 

J21 

21  Jari  60 

49°N-28°N 

21.3 

2080 

J18 

22  Jan  60 

65°N-58°N 

16.8 

1.140 

J19 

22  Jan  60 

70jN-56°N. 

18.3 

1020 

J20 

22  Jan  60 

70°N-58°N 

19.8 

1580 

J  2  2 

26  Jan  60 

49°N-39°N 

18.3 

1220 

J23 

26  Jan  60 

49°N-28°N 

19.8 

1210 

J24 

26  Jan  60 

20°N-13°N 

18.3 

434 

J2  5 

29  Jan  60 

44°N-28°N 

12.2 

335 

J26 

29  Jan  60 

48°N-28°N 

16.8 

736 

FI 

2  Feb  60 

48°N-38°N 

19  8 

862 

F2 

2  Feb  60 

44°N-28°N 

19  8 

906 

F3 

2  Feb  60 

28°N-17°N 

19.8 

870 

F4 

4  Feb  60 

50°N-32°N 

19.8 

870 
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ISOTOPES 


A  Teledyne  Company 
Table  113  (cont'd.) 


Sample 

Collection 

Altitude 

pCi  Be 

No. 

Date 

Latitude 

(km) 

joo  scr 

F5 

11  Feb  60 

50°N-28°N 

19.8 

1330 

F6 

11  Feb  60 

20°N-13°N 

19.8 

832 

F8 

16  Feb  60 

65eN-50°N 

13.7 

970 

F9 

16  Feb  60 

71°N-50°N 

19 . 8 

1410 

F7 

16  Feb  60 

15°N-08°S 

21.3 

432 

Fll 

18  Feb  60 

67°N-59°N 

12.2 

964 

F10 

18  Feb  60 

59°N-50°N 

12.2 

998 

F13 

23  Feb  60 

48°N 

21.3 

1570 

FI  5 

2  5  Feb  60 

68°N-60°N 

13.7 

1080 

F14 

25  Feb  60 

60°N-50°N 

13 . 7 

.1.300 

F16 

25  Feb  60 

47°N-28°N 

19.8 

1310 

F17 

25  Feb  60 

28°N-14'°N 

19.8 

658 

M2 

1  Mar  60 

67°N-59°N 

12.2 

SOS 

Ml 

1  Mar  60 

59°N-50°N 

12.2 

1000 

M3 

3  Mar  60 

71°N-6l°N 

16.8 

979 

M4 

4  Mar  60 

50°N-39°N 

19.8 

995 

M5 

4  Mar  60 

24°N-13°N 

19.8 

428 

M7 

10  Mar  60 

44°N-36eN 

12.2 

518 

M8 

10  Mar  60 

48°N-38°N 

15.2 

816 

M9 

10  Mar  60 

48°N-38°N 

16.8 

798 

M6 

10  Mar  60 

36°N-28°N 

12.2 

483 

M10 

11  Mar  60 

67°N-50°N 

12.2 

838 

Mil 

11  Mar  60 

67eN-50eN 

15.2 

.1260 

M12 

22  Mar  60 

67°N-50°N 

12.2 

660 

M13 

22  Mar  60 

67°N-50°N 

15.2 

793 

M16 

22  Mar  60 

48°N-28°N 

16.8 

465 

M14 

24  Mar  60 

65°N-50°N 

19.8 

1190 

M15 

24  Mar  60 

62°N-50°N 

19.8 

.1240 

M17 

24  Mar  60 

50°N-39°N 

19. S 

1140 

M18 

24  Mar  60 

44°N-28°N 

21.3 

1220 

M19 

29  Mar  60 

50°N-39°N 

18.3 

941 

M20 

29  Mar  60 

50°N-28°N 

19.8 

672 

M21 

29  Mar  60 

24°N-13°N 

19.8 

851 

M2  2 

31  Mar  60 

48°N-30°N 

15.2 

552 

M2  3 

31  Mar  60 

48°N-35°N 

16.5 

563 

A1 

5  Apr  60 

71°N-61°N 

16.8 

965 

A2 

5  Apr  60 

71°N-50°N 

18.3 

1260 

A3 

5  Apr  60 

15°N-08°S 

19.8 

429 

A4 

5  Apr  60 

15°N-08°S 

21.3 

399 

A8 

7  Apr  60 

68°N-59°N 

13 . 7 

466 

A7 

7  Apr  60 

59°N-50°N 

13.7 

687 

A5 

7  Api  60 

16oN-05°S 

19.8 

324 

A6 

7  Apr  60 

15°N-08°S 

21.3 

442 

A10 

12  Apr  60 

67°N-59°N 

12.2 

634 

A9 

12  Apr  60 

59°N-50°N 

12 . 2 

609 

All 

12  Apr  60 

50°N-32°N 

12.2 

307 

A12 

12  Apr  60 

48°N-33°N 

16 . 8 

2  54 

A13 

14  Apr  60 

50°N-28°N 

19.8 

1.1.00 

A14 

14  Apr  60 

28°N-13°N 

19.8 

700 

A15 

19  Apr  60 

50°N-28°N 

19.8 

.1040 

A 16 

20  Apr  60 

68°N-50°N 

.1 3 . 7 

8.1.2 

A17 

20  Apr  60 

71°N-62°N 

18.3 

998 

A18 

20  Apr  60 

71°N-50°N 

19.8 

.1020 
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ISOTOPES 

A  Teledyne  Company 
Table  113  (cont'd.) 


Sample 

Collect,  i  ou 

Altitude 

pCi  Be 

No. 

Date 

Latitude 

(km) 

100  SCM 

A '20 

'll  Apr  60 

47°N-38°N 

15.2 

766 

A 'll 

21  Apr  60 

48°N-33°N 

16.8 

523 

A 19 

21  Apr  60 

44SN-28°N 

12.2 

116 

A 'll 

26  Apr  60 

50°N-28°N 

21.3 

1100 

A23 

26  Apr  60 

28°N-16eN 

21.3 

1010 

A  '15 

27  Apr  60 

71°N-62°N 

16.8 

1840 

A ‘16 

27  Apr  60 

71<,N-50°N 

18.3 

976 

A ‘14 

28  Apr  60 

28°N-13eN 

19.8 

1000 

A '17 

30  Apr  60 

66°N-50°N 

18.3 

486 

A'IS 

30  Apr  60 

66°N-50°N 

19.8 

1880 

A'l  9 

3  May  60 

64oN-50°N 

12.2 

630 

A30 

3  May  60 

50°N-32°N 

12.2 

674 

A  31 

5  May  60 

15°N-08°S 

21.3 

393 

A3‘l 

6  May  60 

48°N 

19.8 

1360 

A33 

9  May  60 

15sN-07°S 

21.3 

39.1 

EN-.l 

10  May  60 

70SN-65°N 

15.2 

812 

EN-'l 

10  May  60 

70SN-65°N 

18.3 

1110 

EN-3 

10  May  60 

71°N-66°N 

19.8 

1220 

EN-4 

11  May  60 

70°N-67°N 

19.8 

1500 

ES-1 

12  May  60 

16°N-05°N 

19.8 

638 

ES-'l 

12  May  60 

05°N-06°S 

19.8 

405 

ES-3 

12  May  60 

08°S-19°S 

21.3 

393 

ES-4 

12  May  60 

18°S-30°S 

21.3 

409 

EN-5 

13  May  60 

70°N-66°N 

15.2 

836 

EN-6 

13  May  60 

70°N-66°N 

18.3 

1310 

EN-7 

13  May  60 

70°N-66°N 

19.8 

1610 

EN-8 

14  May  60 

70°N-66°N 

18.3 

1150 

EN-9 

17  May  60 

70°N-66°N 

15.2 

618 

EN-10 

17  May  60 

70°N-66°N 

18.3 

1680 

EN-ll 

17  May  60 

70°N-66°N 

18.3 

1590 

ES-7 

19  May  60 

37°S-40°S 

15.2 

830 

ES-6 

19  May  60 

36°S-40°S 

18.3 

983 

ES-5 

19  May  60 

379S-40°S 

19.8 

1010 

EN  -.13 

20  May  60 

70°N-66°N 

15.2 

754 

EN —.1.2 

20  May  60 

70°N-66°N 

18.3 

1190 

EN  -14 

20  May  60 

70°N-66°N 

18.3 

.1590 

3913 

23  May  60 

40°  S 

18.3 

857 

3911 

23  May  60 

40°  S 

19.8 

1340 

EN-.l  5 

24  May  60 

70°N-66°N 

15.2 

851 

EN-17 

24  May  60 

70°N-66°N 

19.8 

1590 

3934 

31  May  60 

40°  S 

18.3 

719 

3930 

31  May  60 

40°  S 

19.8 

1130 

Es-n 

6  Juu  60 

42°S-58°S 

21.3 

1100 

ES-16 

8  Jun  60 

11°N-01°N 

21.3 

246 

ES-1S 

8  Jun  60 

01°N-11°S 

21.3 

351 

ES-13 

8  Jun  60 

22°S-31°S 

19.8 

882 

ES-14 

8  Juu  60 

11°S-22°S 

19.8 

550 

3960 

10  Juu  60 

29°N-20°N 

16.8 

439 

3962 

10  Jun  60 

29°N-‘20°N 

18.3 

386 

3964 

.10  Jun  60 

29°N-20°N 

19.8 

873 
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ISOTOPES 

A  Teledyne  Company 

TABLE  114.  Beryllium-7  Activities  for  Samples 
Collected  from  June  1961  Through  September  1961 


Sample 

Collection 

Altitude 

pCi  Be 

No. 

Date 

Latitude 

(km) 

100  SCM 

ST-701  6  Jun  61  12°N  18.3  690 


ST -7  02 

6  Jun  61 

12  °N 

19.8 

407 

ST-703 

8  Jun  61 

20°N-12°N 

15.2 

118 

ST-704 

8  Jun  61 

20°N-12°N 

19.8 

396 

ST-705 

13  Jun  61 

12°N 

15.2 

11.5 

ST -7 06 

13  Jun  61 

20°N-12°N 

15.2 

572 

ST -7  07 

13  Jun  61 

12°N-07°N 

20.1 

364 

ST -7 08 

15  Jun  61 

12°N 

18.3 

382 

ST-709 

15  Jun  61 

12  °N 

19.6 

478 

ST-710 

20  Jun  61 

12  °N 

18.3 

471 

ST-711 

20  Jun  61 

12  °N 

20.0 

348 

ST-712 

6  Jul  61 

48°N-29°N 

19.7 

1740 

ST-713 

6  Jul  61 

48°N-29°N 

20.7 

1240 

ST-714 

7  Jul  61 

48°N-29°N 

18.3 

1100 

ST-715 

11  Jul  61 

28°N-15°N 

20.2 

412 

ST-716 

11  Jul  61 

28°N-15°N 

20.7 

814 

ST -7 17 

14  Jul  61 

30°N 

16.8 

622 

ST -7 18 

14  Jul  61 

30°N 

18.2 

734 

ST-719 

14  Jul  61 

30°N 

19.8 

808 

ST-720 

14  Jul  61 

30°N 

20.9 

992 

ST-721 

19  Jul  61 

30°N 

16.9 

(986) 

ST-722 

19  Jul  61 

30°N 

18.4 

1540 

ST-723 

19  Jul  61 

30°N 

20.0 

932 

ST-724 

19  Jul  61 

30°N 

21.1 

812 

ST -7 36 

20  Jul  51 

48°N-38eN 

15.4 

653 

ST-727 

20  Jul  61 

48°N-28eN 

16.8 

876 

ST -72 8 

25  Jul  61 

48°N-28°N 

19.8 

1420 

ST-729 

25  Jul  61 

48°N-30°N 

20.7 

1490 

ST -7 30 

28  Jul  61 

28°N-15°N 

19.9 

714 

ST-731 

28  Jul  61 

28°N-15°N 

20.7 

695 

ST -7  32 

2  Aug  61 

48°N-28°N 

18.5 

1170 

ST-733 

2  Aug  61 

48°N-28°N 

20.0 

448 

ST-734 

4  Aug  61 

30°N 

16.8 

747 

ST-736 

4  Aug  61 

30°N 

19.8 

1000 

ST-737 

4  Aug  61 

30°N 

21.1 

823 

ST-738 

7  Aug  61 

30°N 

16.8 

677 

ST -7 39 

7  Aug  61 

30°N 

18.4 

762 

ST-740 

7  Aug  61 

30°N 

20.0 

1000 

ST-741 

7  Aug  61 

30°N 

21.1 

979 

ST -7 42 

10  Aug  61 

48°N-28°N 

15.2 

445 

ST-743 

10  Aug  61 

48°N-28°N 

16.9 

882 

ST-744 

15  Aug  61 

48°N-28°N 

19.8 

1590 

ST-745 

15  Aug  61 

48°N-28°N 

20.6 

1360 

ST-746 

17  Aug  61 

28°N-15°N 

20.0 

714 

ST-747 

17  Aug  61 

28°N-15°N 

20.9 

688 

ST-748 

22  Aug  61 

48°N-28°N 

18.4 

1350 

ST-749 

22  Aug  61 

48°N-28"N 

20.0 

1200 

ST-750 

24  Aug  61 

30°N 

16.7 

846 

ST-751 

24  Aug  61 

30°N 

18,2 

603 

ST-752 

24  Aug  61 

30°N 

19.8 

855 

ST-753 

24  Aug  61 

30°N 

21.0 

1090 
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ISOTOPES,  A  Teledyne  Company 
TABLE  114  (cont'd.1) 

Sample  Collection 

— ft0,  _ Date 


ST -7 54 

ST -7 5 5 

ST-756 

ST-757 

ST-758 

ST-759 

ST-761 

ST-760 

ST-762 

ST-763 

ST-777 

ST-778 

ST-779 

ST-780 

ST-781 

ST-782 

ST-783 

ST-784 

ST-785 

ST-786 

ST-787 

ST-788 

ST-789 

ST-790 

ST-791 

ST-792 

ST-793 

ST-795 

ST-794 


31  Aug  61 
31  Aug  61 
1  Sep  61 
1  Sep  61 
1  Sep  61 
1  Sep  61 
6  Sep  61 
6  Sep  61 
6  Sep  61 

6  Sep  61 

7  Sep  6.1 

7  Sep  61 

8  Sep  61 

8  Sep  61 

9  Sep  61 
9  Sep  61 

10  Sep  61 
10  Sep  61 
20  Sep  61 
20  Sep  61 
20  Sep  61 
20  Sep  61 
26  Sep  61 
26  Sep  61 
28  Sep  61 
28  Sep  61 
30  Sep  61 
30  Sep  61 
30  Sep  61 


Latitude 

48°N-28°N 

48°N-38°N 

30°N 

30°N 

30°N 

30°N 

63°N-51°N 

51°N-32°N 

28°N-15°N 

28°N-15°N 

48°N-28°N 

48°N-28°N 

48°N-28°N 

48°N-33°N 

48°N-28°N 

48°N-28°N 

42°N-29°N 

42°N-29°N 

30oN 

30oN 

30°N 

30°N 

28°N-15°N 

28°N-15°N 

48°N-28°N 

48°N-288N 

60oN-47°N 

60°N-36°N 

47oN-30°N 


Altitude 

- 

15.7 

17.0 

16.9 

18.4 

19.9 

21.2 

19.5 

19.4 

18.5 

19.6 
20.2 
21.0 

18.3 

19.8 

15.3 

16.9 

12.2 

13.7 

16.7 
18.2 

19.8 

20.8 

19.7 

19.7 
20.3 

20.7 

19.8 
20.1 
20.7 


pCi  Be7 
100  SCM 

280 

986 

576 

1050 

1070 

857 

1540 

1260 

528 

522 

1530 

1320 

1170 

1260 

270 

661 

18.6 

43.1 

657 

514 

380 

827 

558 

407 

1500 

1370 

1960 

2100 

1410 


496 


ISOTOPES 

A  Tele dyne  Company 

TABLE  115.  Beryllium-7  Activities  i’or  Samples 
Collected" from  January  1962  Through  August  1962 


Sample 

Collection 

Alt  it  ude 

pCi  lie 

No. 

Date 

Latitude 

(km) 

100  SCM 

ST-881 

4  Jan  62 

48°N-28°N 

15.2 

803 

ST-882 

11  Jan  62 

30°  N 

16 . 8 

723 

ST-883 

11  Jan  62 

30°  N 

18 . 3 

1.090 

S1V884 

11  Jan  62 

30°N 

19.8 

1.080 

ST-885 

11  Jan  62 

30°  N 

21.5 

914 

ST-886 

11  Jan  62 

48°N-28°N 

20.2 

1.050 

ST-887 

11  Jan  62 

48°N-28°N 

20.8 

1.240 

SZ-2241 

15  Jan  62 

54°N-31°N 

16.8 

.1460 

ST-889 

15  Jan  62 

54°N-49°N 

16.  S 

1650 

ST-888 

15  Jan  62 

49°N-31°N 

16 . 8 

1350 

ST-891 

15  Jan  62 

63°N-48°N 

20.7 

11.50 

ST-890 

15  Jan  62 

48°N-32°N 

20.0 

1.250 

ST-893 

16  Jan  62 

49°N-31°N 

12 . 6 

938 

ST-892 

16  Jan  62 

49°N-32°N 

18.4 

.1.390 

ST-894 

17  Jan  62 

65°N-64°N 

12.3 

1.050 

ST-895 

17  Jan  62 

65°N-63°N 

13.7 

2060 

ST-896 

17  Jan  62 

6S°N-63°N 

15.4 

1580 

ST-897 

17  Jan  62 

65°N 

16.8 

1.240 

ST-898 

17  Jan  62 

64°N 

16.  S 

1370 

ST-899 

17  Jan  62 

64°N 

18.3 

1650 

ST-900 

17  Jan  62 

64°N 

19.8 

1270 

ST-901 

17  Jan  62 

64°  N 

20.9 

782 

ST-902 

18  Jan  62 

30°N-15°N 

16.8 

234 

ST-904 

18  Jan  62 

30°N-1S°N 

IS.  4 

007 

ST-903 

18  Jan  62 

30°N-15°N 

19.8 

754 

ST-905 

18  Jan  62 

30°N-15°N 

20.9 

884 

ST-906 

19  Jan  62 

64°N-49°N 

13 . 6 

2820 

ST-908 

19  Jau  62 

64°N-S2°N 

16.8 

2570 

ST-907 

19  Jan  62 

64°N-49°N 

19.8 

1640 

ST-909 

23  Jan  62 

64°N-53°N 

12.2 

14.10 

SZ-2242 

23  Jan  62 

64°N-53°N 

12.2 

.1350 

ST-910 

23  Jan  62 

64°N-49°N 

15.2 

1 1.40 

ST-911 

23  Jan  62 

64°N-49°N 

18.3 

1.340 

ST-912 

23  Jan  62 

64°N-49°N 

20.4 

1.070 

SZ-2243 

23  Jun  62 

64°N-49°N 

20.4 

987 

ST-913 

23  Jan  62 

49°N-36°N 

13.7 

1370 

ST-914 

23  Jari  62 

49°N-36°N 

15.5 

1.600 

ST-915 

23  Jan  62 

49°N-32°N 

19.8 

1.1.80 

ST-916 

23  Jan  62 

49°N-3I°N 

19.9 

1.31.0 

ST-917 

25  Jan  62 

70°N-65°N 

12.1 

1.870 

ST-918 

25  Jan  62 

70°N-65°N 

13.  S 

3000 

ST-919 

25  Jau  62 

70°N-65°N 

15.3 

5310 

SZ-2244 

25  Jan  62 

68°N 

16.0 

3820 

ST-920 

25  Jan  62 

70°N-65°N 

.16  8 

1.880 

ST-921 

25  Jan  62 

70°N-65°N 

18.3 

2960 

ST-922 

25  Jon  62 

70°N-65°N 

19.8 

4770 

ST-923 

25  Jan  62 

70°N-65°N 

20.3 

2320 

ST-924 

25  Jan  62 

70°N-65°N 

20.7 

2660 

ST-925 

25  Jan  62 

30"N 

12 . 5 

£  2 , 35 

ST-926 

25  Jan  62 

30°N 

.!.  •  j  .  / 

.1 3.1. 

ST-927 

25  Jan  62 

30°i\ 

15.5 

285 
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ISOTOPES,  A  Teledyne  Company 
TABLE  115  (cont'd.) 


Sample 

Collection 

Altitude 

pCi  Be 

No. 

Date 

Latitude 

(km) 

100  SC! 

ST -92 8 

25  Jan  62 

30°  N 

16.8 

523 

ST-929 

25  Jan  62 

308N 

18.4 

1080 

ST-930 

25  Jan  62 

30°N 

19.8 

1300 

ST-931 

25  Jan  62 

30 8  N 

21.1 

700 

ST-933 

30  Jan  62 

64°N-54°N 

12.3 

1270 

ST-934 

30  Jan  62 

64°N-49°N 

15.2 

1000 

ST-935 

30  Jan  62 

64°N-49*N 

18.3 

1060 

ST-936 

30  Jan  62 

64°N-49°N 

20.0 

936 

ST-937 

30  Jan  62 

49°N-36°N 

12.5 

90. 

ST-938 

30  Jan  62 

498N-31°N 

15.6 

909 

ST-939 

30  Jan  62 

49°N-31°N 

18.4 

1780 

ST-940 

30  Jan  62 

49°N-31°N 

20.8 

1750 

ST-941 

1  Feb  62 

308N-15°N 

16.8 

1790 

ST-942 

1  Feb  62 

30°N-188N 

18.4 

1120 

ST-943 

1  Feb  62 

308N-15°N 

20.9 

817 

ST-944 

5  Feb  62 

308N-18°N 

20.0 

987 

ST-945 

5  Feb  62 

308N-198N 

20.7 

720 

ST-946 

6  Feb  62 

638N 

13.7 

281 

ST-947 

6  Feb  62 

64°N-498N 

16.8 

965 

ST-948 

6  Feb  62 

648N-49°N 

19.8 

1020 

ST-949 

6  Feb  62 

498N-31°N 

13.8 

539 

ST-950 

6  Feb  62 

498N-31°N 

16.8 

1200 

ST-951 

6  Feb  62 

49°N-31°N 

19.9 

978 

ST- 9 52 

6  Feb  62 

498N-3l°N 

20.7 

770 

ST-957 

S  Feb  62 

658N-648N 

12.1 

1710 

ST-958 

8  Feb  62 

65°N-638N 

13.6 

590 

ST-959 

S  Feb  62 

C58N-638N 

15.2 

585 

ST-960 

8  Feb  62 

648N 

16.6 

921 

ST-961 

8  Feb  62 

66°N 

18.2 

3360 

ST-962 

8  Feb  62 

668N-65°N 

19.4 

943 

ST-963 

8  Feb  62 

658N 

19.9 

992 

ST-953 

8  Feb  62 

30°  N. 

16.8 

267 

ST-954 

8  Feb  62 

30°N 

18.3 

1140 

ST-955 

8  Feb  62 

30°N 

19.8 

722 

ST-956 

8  Feb  62 

30°N 

20.8 

2090 

ST-969 

9  Feb  62 

648N-49°N 

13.6 

372 

ST-970 

9  Feb  62 

64°N-49°N 

19.7 

1070 

ST-966 

9  Feb  62 

308N 

13.0 

100 

ST-967 

9  Feb  62 

30°N 

15.7 

176 

ST-968 

9  Feb  62 

30°  N 

16.9 

343 

SR -971 

13  Feb  62 

648N-50°N 

12.1 

1940 

SZ-2245 

13  Feb  62 

648N-50°N 

12.1 

1790 

ST-973 

13  Feb  62 

64°N-50°N 

18.1 

1310 

ST-972 

13  Feb  62 

648N-50°N 

15.2 

1250 

ST-974 

13  Feb  62 

64°N-50°N 

19.4 

1130 

ST-975 

13  Feb  62 

44°N-36°N 

12 . 5 

382 

ST-976 

13  Feb  62 

49°N-32°N 

15.2 

483 

ST-977 

13  Feb  62 

490N-32°N 

18.4 

200 

ST-978 

13  Feb  62 

49°N-31°N 

20.7 

1060 

SR -(,7  9 

15  Feb  62 

708N-65°N 

12.2 

709 

ST-980 

15  Feb  62 

70°N-65°N 

13.7 

873 

SR-9S1 

15  Feb  62 

70°N-65°N 

1 5.2 

859 

ST-982 

.15  Feb  62 

70°a'-65°N 

16.7 

1280 

498 


ISOTOPES,  A  Tcledyne  Company 
TABLE  115.  (cont'd.) 


Sample 

Collection 

Altitude 

pCi  Be 

No. 

Date 

Latitude 

(km) 

100  SCM 

SZ-2246 

15  Feb  62 

70*N-65*N 

16.7 

1300 

SR -983 

15  Feb  62 

70*N-65*N 

18.3 

1100 

SR-984 

15  Feb  62 

70*N-65*N 

19.6 

1020 

SR-985 

15  Feb  62 

30°N-15#N 

16.8 

172 

SR-986 

15  Feb  62 

30°N-15°N 

18.5 

672 

ST-987 

15  Feb  62 

30°N-15*N 

19.8 

1220 

ST-988 

15  Feb  62 

30#N-15*N  • 

20.9 

1210 

ST-989 

19  Feb  62 

49°N-36#N 

13.8 

866 

ST-990 

19  Feb  62 

49#N-32#N 

16.8 

1150 

ST-991 

19  Feb  62 

49°N-32°N 

20.0 

1250 

ST-992 

19  Feb  62 

49*N-32#N 

20.6 

1040 

SF-993 

20  Feb  62 

64#N-49#N 

13.6 

1370 

ST-994 

20  Feb  62 

64°N-49°N 

16.7 

1140 

ST-995 

20  Feb  62 

64*N-49#N 

19.8 

1200 

ST-996 

20  Feb  62 

64°N-49°N 

19.9 

1360 

ST-1005 

21  Feb  62 

30#N 

12.6 

73.1 

ST-1006 

21  Feb  62 

30#N 

13.8 

111 

ST-1007 

21  Feb  62 

30#N 

15.4 

455 

ST-1008 

21  Feb  62 

30#N 

16.8 

555 

SF-1009 

21  Feb  62 

30°  N 

18.3 

1070 

ST-1010 

21  Feb  62 

30®N 

1<>  ^ 

1050 

ST-1011 

21  Feb  62 

30°  N 

20.8 

1030 

SF-997 

22  Feb  62 

64#N 

12.0 

1220 

ST-998 

22  Feb  62 

64#N-63#N 

13.6 

1320 

SF-999 

22  Feb  62 

64*N 

15.1 

1200 

SZ-2247 

22  Feb  62 

64®N 

15.6 

1510 

SF-1000 

22  Feb  62 

64°  N 

16.6 

2810 

SF-1001 

22  Feb  62 

67®N-64*N 

16.8 

1110 

ST-1002 

22  Feb  62 

66*N-65°N 

18.2 

1180 

SF-1003 

22  Feb  62 

66*N-62°N 

19.6 

1150 

ST-1004 

22  Feb  62 

64®N-63°N 

20.3 

979 

ST-1012 

27  Feb  62 

64°N-49°N 

12.0 

1930 

SF-1013 

27  Feb  62 

64°N-49°N 

15.1 

2280 

ST-1014 

27  Feb  62 

64#N-49°N 

18.2 

1970 

ST-1016 

27  Feb  62 

49°N-31°N 

15.2 

1890 

ST-1017 

27  Feb  62 

37°N-31°N 

18.3 

1160 

ST-1018 

27  Feb "62 

49®N-31°N 

20.6 

1000 

ST-1019 

1  Mar  62 

70°N-65°N 

12.0 

636 

ST-1020 

1  Mar  62 

70°N-65#N 

13.6 

773 

ST-1022 

,  1  Mar  62 

70°N-65“N 

16.7 

1170 

ST-1023 

1  Mar  62 

70#N-658N 

18.2 

1300 

.  ST-1024 

1  Mar  62 

70°N-65°N 

19.8 

1060 

ST-1025 

1  Mar  62 

70°N-65°N 

20.6 

1120 

ST-1026 

1  Mar  62 

30°N-18°N 

16.8 

340 

ST-1027 

1  Mar  62 

30°N-15°N 

18.3 

469 

ST-1028 

1  Mar  62 

26°N-158N 

19.8 

1010 

ST-1029 

1  Mar  62 

26°N-15°N 

21.0 

1050 

ST-1031 

2  Mar  62 

40°N-31°N 

12.2 

418 

ST-1032 

2  Mar  62 

50°N-31°N 

18.3 

1360 

ST-1033 

6  Mar  62 

64°N-63°N 

6.1 

180 

ST-1035 

6  Mar  62 

64°N-63°N 

9.1 

827 

ST-1037 

6  Mar  62 

64°N-49°N 

13.6 

803 

SF-1038 

6  Mar  62 

64°N-49°N 

16.7 

2020 

499 


ISOTOPES,  A  Teledyne  Company 
TABLE  115  (cont'd . ) 


Sample 

No. 

ST-1039 

ST-1040 

ST-1041 

SF-1042 

ST-1044 

SN-1043 

SF-1045 

SN-1046 

SNR-1047 

SN-1048 

SNR-1049 

SN-1050 

SNR-1051 

SN-1052 

SN-1053 

SN-1054 

SN-1056 

SN-1057 

SN-1058 


Collection 

Date 

6  Mar  62 
6  Mar  62 
6  Mar  62 
6  Mar  62 
6  Mar  62 
6  Mar  62 
8  Mar  62 
8  Mar  62 
8  Mar  62 
8  Mar  62 
8  Mar  62 
8  Mar  62 
8  Mar  62 
8  Mar  62 
8  Mar  62 
8  Mar  62 
8  Mar  62 
8  Mar  62 
8  Mar  62 


SN-1059 

8  Mar  at 

ST-1125 

9/10  Mar  62 

ST-1126 

9/10  Mar  62 

ST-1127 

11/12  Mar  62 

ST-112 S 

11/12  Mar  62 

ST-1064 

13  Mar  62 

SF-1065 

13  Mar  62 

ST-1066 

13  Mar  62 

SF-1067 

13  Mar  63 

SN-1068 

13  Mar  63 

ST-1069 

13  Mar  63 

SN-1070 

13  Mar  63 

SF-1072 

13  Mar  63 

ST-1071 

13  Mar  62 

SN-1073 

13  Mar  62 

SF-107S 

13  Mar  62 

SN-1074 

13  Mar  62 

ST -107  6 

13  Mar  62 

ST-1077 

13  Mar  63 

SF-1081 

14/15  Mar  62 

ST-1079 

14/15  Mar  62 

SF-1082 

*  14/15  Mar  62 

ST-1078 

14/15  Mar  62 

ST -1080 

14/15  Mar  62 

SF-1083 

14/15  Mar  62 

ST-1084 

15  Mar  62 

ST-1085 

15  Mar  62 

SF-1086 

15  Mar  62 

ST-1087 

15  Mar  62 

ST-1088 

15  Mar  62 

ST-1089 

15  Mar  62 

ST-1 090 

15  Mar  62 

ST-1091 

15  Mar  62 

ST -1092 

15  Mar  62 

ST-1093 

15  Mar  62 

Latitude 

64*N-49*N 

49*N-31*N 

49*N-31*N 

49*N-40*N 

49*N-31*N 

40*N-31*N 

65*N-64“N 

65*N-63*N 

65*N-63*N 

64*N 

64*  N 

66*N-6 5*N 

65*N 

30*  N 

30*N 

30*  N 

30*N 

30*N 

30*N 

30*N 

18*N-00* 

00*-18*S 


Altitude 
^m  )  __ 

19.9 

13.7 

16.8 
20.0 

20.9 
20.0 
12.1 

13.6 

15.1 

16.7 

18.2 

19.8 

20.5 

12.6 

13.7 

15.2 

16.8 

18.3 
19.8 
21.1 

19.4 
20.0 


20*S-26*S 

19.8 

26*S-38*S 

19.8 

64*N-63*N 

6.1 

64*N-61*N 

7.6 

64*N-63*N 

9.1 

64*N-63*N 

10.7 

64*N-49*N 

12.1 

64*N-49*N 

15.1 

64*N-49*N 

18.3 

64*N-58*N 

19.9 

64*N-49*N 

20.0 

49*N-31*N 

12.4 

49*N-40*N 

15.2 

40*N-31*N 

15.2 

49*N-31*N 

18.5 

49*N-31*N 

20.4 

90*N-80*N 

11.9 

90*N-80*N 

12.0 

90*N-80*N 

12.2 

80*N-60*N 

11.0 

80*N-60*N 

12.0 

80*N-60*N 

12.0 

70*N-65*N 

12.0 

70*N-6 5*N 

13.6 

70*Nr65*N 

15.1 

70*N-6 5*N 

16.6 

70*N-65*N 

18.2 

70*N-65*N 

19.8 

30*N-15*N 

16.9 

30°N-15*N 

18.3 

30*N-15*N 

19.9 

26*N-15*N 

20.7 

500 

pCi  Be7 
100  SCM 

1210 

2810 

808 

3050 

1240 

1360 

1820 

889 

693 

1170 

1420 

1260 

1170 

56.6 

119 

150 

650 

1810 

1320 

1340 

727 

509 

552 

1050 

229 

623 

965 

1780 

1180 

1040 

1230 

1340 

1080 

1260 

1130 

717 

1290 

1160 

2200 

951 

1150 

992 

976 

1650 

1280 

1190 

2200 

1220 

1460 

1120 

305 

639 

291 

859 


ISOTOPES,  A  Teledyne  Company 
TABLE  115  (cont’d.) 

Sample  Collection 

No.  Date 


ST-1098 

ST-1099 

ST-1100 

SF-1101 

ST-1102 

ST-1103 

ST-1104 

ST-1105 

ST-1106 

ST-1107 

ST-1108 

ST-1109 

SF-1110 

ST-1111 

ST-1112 

SF-1113 

ST-1114 

SF-1115 

ST-1117 

SF-1118 

ST-1119 

SF-1120 

ST-1121 

ST-1122 

SF-1123 

SF-1124 

ST-1129 

ST-1130 

ST-1131 

ST-1132 

ST-1133 

ST-1134 

ST-1135 

SF-1136 

ST-1137 

SF-1138 

ST-1139 

ST-1140 

ST-1141 

ST-1142 

ST-1143 

SF-1144 

ST-1145 

SF-1146 

ST-1147 

ST-1148 

ST-1149 

ST-1150 

ST-1151 

ST-1152 

ST-1153 

ST-1308 

ST -1309 

ST-1310 


20  Mar  62 
20  Mar  62 
20  Mar  62 
20  Mar  62 
20  Mar  62 
20  Mar  62 
20  Mar  62 
20  Mar  62 
22  Mar  62 
22  Mar  62 
22  Mar  62 
22  Mar  62 
22  Mar  62 
22  Mar  62 

22  Mar  62 

23  Mar  62 
23  Mar  62 
23  Mar  62 
23  Mar  62 
23  Mar  62 
23  Mar  62 
23  Mar  62 
27  Mar  62 
27  Mar  62 
27  Mar  62 
27  Mar  62 
27  Mar  62 
27  Mar  62 
27  Mar  62 
27  Mar  62 
27  Mar  62 
27  Mar  62 
27  Mar  62 
29  Mar  62 
29?  Mar  62 
29  Her  62 
29  Mar  62 
29  Mar  62 
29  Mar  62 
29  Mar  62 
29  Mar  62 
29  Mar  62 
29  Mar  62 
29  Mar  62 
29  Mar  62 

29  Mar  62 

30  Mar  62 

30  Mar  62 

31  Mar  62 
31  Mar  62 

2  Apr  62 

3  Apr  62 
3  Apr  62 
3  Apr  62 


Ait i tude 

pCi  Be 

Latitude 

(  km ) 

100  SC 

65°N-64°N 

6.:i 

35. 

64°N 

7.6 

41. 

64°N-63°N 

9.1 

405 

64°N-63°N 

10.7 

1350 

49°N-31°N 

13 . 7 

626 

49°N-31°N 

16 . 8 

1090 

44°N-31°N 

20.5 

1240 

40°S-61°S 

19.8 

1410 

30°  N 

12 . 5 

100 

30°N 

13.7 

175 

30°N 

15.2 

281 

30°N 

16.  S 

302 

30°  N 

18.4 

541 

30°N 

20.0 

j.210 

30°  N 

21.3 

1090 

65°N-64°N 

12.0 

1310 

65°N-63°N 

13.6 

1520 

65°N-63°N 

15.1 

1810 

66°N-64°N 

16.6 

1380 

66°N-656N 

18.2 

1800 

66°N-*63°N 

19.7 

1320 

64°N-63°N 

20.5 

1600 

65°N 

6.1 

25.4 

64°N 

7.6 

60.4 

65°N 

9.1 

604 

65°N-64°N 

10.7 

1030 

64°N-49°N 

12.1 

902 

64°N-49°N 

15.1 

809 

64°N-49°N 

18.3 

1300 

49°N-44°N 

12 . 2 

.1150 

44°N-31°N 

12.2 

283 

37°N-3l°N 

15.4 

213 

49°N-31°N 

18.3 

723 

70oN-65°N 

12.2 

1280 

70°N-65°N 

13.7 

.1620 

70°N-65°N 

15.1 

1910 

70°N-65°N 

16.7 

1680 

70°N-65°N 

18.3 

.1970 

70°N-65°N 

18.3 

1390 

70°N-65°N 

19.8 

994 

30°  N 

12 . 2 

183 

30°N 

13 . 8 

606 

30°N 

14.9 

646 

30°N 

17.0 

1260 

30°N 

18.5 

653 

30°N 

19.  7 

92  8 

49"N-31°N 

15.3 

779 

49°N-31°N 

20.  5 

1330 

63°N-51°N 

19.6 

1020 

51°N-32°N 

20.0 

1170 

73°N-65°N 

19.8 

898 

70°N 

4.6 

296 

70°N 

4.6 

27.0 

70°N 

7.6 

63.4 

501 


ISOTOPES,  A  Teledyne  Company 
TABLE  115  (cont’d.) 


Sample 

No. 

Collect i on 

Date 

Latitude 

Altitude 

(km) 

pCi  Be 
100  SCM 

ST-1311 

3  Apr  62 

70°N 

12.2 

1130 

ST-1312 

3  Apr  62 

73°N-70°N 

15.2 

1660 

ST-1154 

3  Apr  62 

67°N-66°N 

15.2 

1490 

ST-1313 

3  Apr  62 

73°N-70°N 

18.3 

1360 

ST-1314 

3  Apr  62 

73°N-70°N 

19.8 

1250 

ST-1315 

3  Apr  62 

36°  N 

4.6 

49.4 

ST-1316 

3  Apr  62 

36°N-3 5®N 

7.6 

24.8 

ST-1317 

3  Apr  62 

36°N-35®N 

12.2 

211 

ST -1318 

3  Apr  62 

32  9  N 

15.2 

644 

ST-1319 

3  Apr  62 

32°N 

18.3 

1660 

ST-1320 

3  Apr  62 

32  9  N 

19.8 

1410 

ST-1155 

4  Apr  62 

64°N 

6.1 

6.2 

ST-1157 

4  Apr  62 

65°N-64®N 

9.1 

42.0 

ST-1158 

4  Apr  62 

64°N 

10.7 

545 

ST-1159 

4  Apr  62 

09°N-08°S 

12.5 

22.6 

ST-1160 

4  Apr  62 

09°N-00° 

15.7 

81.4 

ST-1161 

4  Apr  62 

09°N-08°S 

19.0 

394 

ST-1162 

4  Apr  62 

09oN-01°N 

19.9 

348 

ST-1163 

5  Apr  62 

669N 

15.2 

1590 

ST-1164 

9  Apr  62 

15°N-09°N 

12.3 

18.6 

ST-1166 

9  Apr  62 

15aN-09°N 

15.2 

83.5 

ST -116 7 

9  Apr  62 

15°N-099N 

16.8 

183 

ST-1168 

9  Apr  62 

15°N-099N 

18.3 

366 

ST-1169 

9  Apr  62 

15°N-099N 

19.8 

475 

ST-1170 

9  Apr  62 

15oN-09°N 

21.3 

636 

ST-1180 

9/10  Apr  62 

40°S-509S 

19.8 

1480 

ST-1181 

9/10  Apr  62 

50°S-609S 

19.8 

1520 

ST -1171 

10  Apr  62 

69°N-66°fo 

19.6 

1670 

ST-1172 

11  Apr  62 

659N-64°N 

6.1 

36.4 

ST-1173 

11  Apr  62 

65°N 

7.6 

37.0 

ST-1174 

11  Apr  62 

65°N-64°N 

9.1 

95.4 

ST-1175 

11  Apr  62 

66°N-659N 

10.7 

851 

ST-1182 

12  Apr  62 

73°N-67°N 

18.3 

3290 

ST -11 8 3 

13  Apr  62 

09°N-10°S 

13.7 

50.1 

ST-1184 

13  Apr  62 

09°N-10°S 

17.0 

111 

ST-1185 

13  Apr  62 

09°N-10°S 

20.0 

367 

ST-1195 

14  Apr  62 

198S-35°S 

19.8 

1030 

ST-1196 

16  Apr  62 

02°N-16°S 

19.8 

243 

ST-1186 

17  Apr  62 

72°N-70°N 

15.2 

1910 

ST-1187 

18  Apr  62 

65°N-60°N 

6.1 

47.2 

ST-1188 

18  Apr  62 

65°N 

7.6 

131 

ST-1189 

1.8  Apr  62 

65SN 

9.1 

353 

ST-1190 

18  Apr  62 

65°N-649N 

10.7 

728 

ST-1197 

IS  Apr  62 

09°N 

12.2 

21.8 

ST-1199 

IS  Apr  62 

07°N 

15.2 

59.6 

ST -12 00 

18  Apr  62 

09°N-07°N 

16.8 

159 

ST -12 05 

19/20  Apr  62 

90°N-80°N 

12.1 

672 

ST— .1 2  07 

19/20  Apr  62 

90°N-S09N 

12.1 

690 

ST-12  ('4 

.19/20  Apr  62 

S0oN-60°N 

11.2 

744 

ST- .208 

19/20  Apr  62 

S09N-60°N 

12 . 5 

1070 

SI -J 206 

19/20  Apr  62 

S0°N-609N 

12.6 

814 

ST-1209 

19  Apr  62 

73°N-65°N 

19.8 

1400 

ST-1210 

19  Apr  62 

63°N-50°N 

19.7 

951 

ST-1211 

19  Apr  62 

50°N-32°N 

20.7 

1130 

502 


ISOTOPES,  A  Teledyne  Company 
TADLE  115  (cont'd.) 


Sample 

No. 

Collection 

Date 

Latitude 

Altitude 

(kin) 

pC.i  Be 
100  SCM 

ST-1212 

24  Apr  62 

65°N 

6.1 

45.0 

ST-1214 

24  Apr  62 

65°N 

9.1 

520 

ST-1217 

24  Apr  62 

09°N-04°S 

16.8 

78.9 

ST-1218 

24  Apr  62 

09°N-04°S 

21.3 

297 

ST-1215 

25  Apr  62 

65°N 

10.7 

1010 

ST-1219 

25  Apr  62 

49°N-31°N 

12.5 

390 

ST-1220 

25  Apr  62 

43°N-31°N 

15.5 

482 

ST-1221 

25  Apr  62 

49°N-31°N 

18.2 

1080 

ST-1222 

26  Apr  62 

49°N-31°N 

15.5 

741 

ST-1223 

26  Apr  62 

49°N-31°N 

19.8 

1140 

ST-1235 

26  Apr  62 

15°N-09°N 

14.9 

63.8 

ST-1236 

26  Apr  62 

15°N-09°N 

16.4 

125 

ST-1237 

26  Apr  62 

15°N-09°N 

18.2 

898 

ST-1238 

26  Apr  62 

15°N-09°N 

19.7 

935 

ST-1239 

26  Apr  62 

15°N-09°N 

20.5 

1040 

ST-1240 

26  Apr  62 

15°N-09°N 

20.9 

809 

ST-1241 

26  Apr  62 

09°N-02°N 

16.9 

235 

ST-1244 

26  Apr  62 

09°N-03°N 

21.0 

488 

ST-1242 

26  Apr  62 

02°N-10°S 

16.9 

151 

ST-1243 

26  Apr  62 

02°N-10°S 

20.6 

444 

ST-1224 

27  Apr  62 

64°N-60°N 

12.2 

1060 

ST-1225 

27  Apr  62 

64°N-49°N 

15.3 

1190 

ST-1226 

27  Apr  62 

64°N-49°N 

19.9 

1330 

ST-1227 

27  Apr  62 

31°N 

12.4 

510 

ST-1228 

27  Apr  62 

31°N 

13.6 

830 

ST-1229 

27  Apr  62 

31°N 

15.2 

461 

ST-1230 

27  Apr  62 

30°N 

16.8 

442 

ST-1231 

27  Apr  62 

31°  N 

18.6 

1210 

ST-1232 

27  Apr  62 

31°N 

19.8 

1220 

ST-1233 

27  Apr  62 

31°N 

20.9 

914 

ST-1234 

27  Apr  62 

28°N-11°N 

19.8 

1110 

ST-1245 

1/2  May  62 

65°N 

6.1 

20.2 

ST-1246 

1/2  May  62 

65°N 

7.6 

42.6 

ST-1247 

1/2  May  62 

65°N 

9.1 

509 

ST-1248 

1/2  May  62 

65°N 

10.7 

881 

ST-1253 

1  May  62 

49°N-31°N 

13.7 

738 

ST-1254 

1  May  62 

49°N-31°N 

17.0 

3480 

ST-1255 

1  May  62 

48°N-32°N 

19.6 

1180 

ST-1256 

1  May  62 

48°N-37°N 

20.3 

1330 

ST-1257 

3  May  62 

70°N-65°N 

12.2 

1200 

ST-1258 

3  May  62 

70°N-65°N 

13.7 

1160 

ST-1259 

3  May  62 

70°N-65°N 

15.3 

1280 

ST-1260 

3  May  62 

70°N-65°N 

16.8 

1620 

ST -12 62 

3  May  62 

70°N-65°N 

18.3 

2040 

ST-1261 

3  May  62 

70°N-65°N 

18.5 

2400 

ST-1263 

3  May  62 

70°N-65°N 

19.8 

1410 

ST-1264 

3  May  62 

70°N-65°N 

20.3 

1680 

ST-1265 

3  May  62 

30°N-19°N 

16.8 

840 

ST-1267 

3  May  62 

30°N-19°N 

18.2 

762 

ST-1269 

3  May  62 

30°N-15°N 

19.8 

13.00 

ST-1270 

3  May  62 

30°N-15°N 

20.4 

1140 

ST-1266 

3  May  62 

19°N-15°N 

16.8 

2S5 

ST-1268 

3  May  62 

19°N-15°N 

18.3 

405 

503 


ISOTOPES,  A  Teledyne  Company 


TABLE  115  (cont’d.) 


Sample 

No. 

Collection 

Date 

Latitude 

Altitude 

(km) 

pCi  Be 
100  SCM 

ST-1271 

4  May  62 

64°N 

12.2 

851 

ST-1272 

4  May  62 

64°N 

13.7 

661 

ST-1273 

4  May  62 

64°N 

15.2 

917 

ST-1274 

4  May  62 

64°  N 

16.8 

1110 

ST-1275 

4  May  62 

64°N 

18.4 

1850 

ST -12 7 6 

4  May  62 

64°N 

19.9 

733 

ST-1277 

4  May  62 

64°N 

20.5 

784 

ST-1278 

5  May  62 

64°N-49°N 

12.3 

1130 

ST-1279 

5  May  62 

64°N-49°N 

18.5 

1350 

ST-1280 

8  May  62 

68°N-65°N 

6.1 

8.87 

ST-1281 

8  May  62 

66°N-65°N 

7.6 

62.8 

ST-1282 

8  May  62 

67°N-65°N 

9.1 

52.6 

ST-1283 

8  May  62 

66°N-65°N 

10.7 

477 

ST-1284 

8  May  62 

64°N-49°N 

12.3 

957 

ST-1285 

8  May  62 

64°N-49°N 

15.2 

1110 

ST -12 86 

8  May  62 

64°N-49°N 

18.3 

17  50 

ST -12 87 

8  May  62 

64°N-49°N 

20.3 

1560 

ST-1288 

8  May  62 

49°N-31°N 

12.5 

416 

ST -12 8 9 

8  May  62 

49°N-43°N 

15.2 

687 

SF-645 

8  May  62 

43°N-38°N 

15.2 

19800 

SF-644 

8  May  62 

37°N-31°N 

15.5 

9820 

ST -12  91 

8  May  62 

49°N-43°N 

18.2 

1020 

ST-1290 

8  May  62 

43°N-37°N 

18.2 

1140 

SF-646 

8  May  62 

37°N-31°N 

18.2 

1400 

ST-1292 

8  May  62 

49°N-31°N 

20.8 

1440 

ST-1293 

10  May  62 

64°N-62°N 

12.2 

1140 

ST-1294 

10  May  62 

65°N-62°N 

13.7 

832 

ST-1295 

10  May  62 

66°N-6  5°N 

15.2 

1080 

ST-1296 

10  May  62  ' 

64°N 

16.8 

1150 

ST-1297 

10  May  62 

67°N-64°N 

18.5 

1440 

ST-1298 

10  May  62 

64°N 

19.9 

1260 

ST-1299 

10  May  62 

64°N 

20.4 

1590 

ST-1300 

10  May  62 

30°N 

12.2 

186 

ST-1301 

10  May  62 

30°N 

13.6 

320 

SF-647 

10  May  62 

30°N 

15.1 

16000 

SF-648 

10  May  62 

30°N 

16.6 

3440 

SF-649 

10  May  62 

30°N 

17.0 

2680 

SF-650 

10  May  62 

30°N 

18.3 

2180 

ST-1302 

10  May  62 

30°N 

19.8 

1400 

ST-1303 

10  May  62 

30°N 

21.0 

1460 

ST-1321 

15  May  62 

65°N 

6.1 

40.9 

ST-1322 

15  May  62 

66°N-65°N 

7.6 

47.8 

ST-1323 

15  May  62 

66°N-65°N 

9.1 

no 

ST-1324 

15  May  62 

65°N 

10.7 

1250 

ST-1325 

15  May  62 

64°N-58°N 

13.8 

354 

ST -132 6 

15  May  62 

58°N-49°N 

13.8 

938 

ST-1328 

15  May  62 

49°N-31°N 

19.6 

1500 

ST-1331 

16  May  62 

61°N-58°N 

20.5 

1770 

ST -1330 

16  May  62 

58°N-49°N 

20.4 

1480 

ST-1332 

16  May  62 

64°N-61°N 

20.6 

854 

ST-1333 

16  May  62 

64°N-58°N 

20.6 

1700 

ST-1329 

16  May  62 

49°N-32°N 

20.1 

835 

504 


ISOTOPES,  A  Teledyne  Company 


TABLE  115  (cont'd.) 

Sample  Collection 

No .  Date 


SN-1334 

SN-1335 

SN-1336 

SN-1337 

SN-1338 

SF-651 

ST-1340 

ST-1341 

ST-1342 

ST-1343 

ST-1339 

SF-658 

SF-657 

ST-1347 

ST-1348 

ST-1345 

ST-1344 

ST-1346 

ST-1349 

ST-1350 

ST-1351 

ST-1352 

ST-1353 

ST-1354 

ST-1355 

ST-1356 

SN-1358 

SN-1357 

SN-1359 

ST-1360 

ST-1362 

ST-1363 

ST-1364 

ST-1365 

ST-1366 

ST-1367 

SF-663 

SF-664 

SF-665 

ST-1368 

ST-1369 

ST-1370 

ST-1372 

ST-1371 

ST-1373 

ST-1374 

ST-1375 

ST-1376 

ST-1377 

ST-1379 

ST -13 7 8 

ST-1380 

SN-1381 

SN-1382 


17  May  62 
17  May  62 
17  May  62 
17  May  62 
17  May  62 
17  May  62 
17  May  62 
17  May  62 
17  May  62 

17  May  62 

18  May  62 
18  May  62 
18  May  62 
21  May  62 
21  May  62 
21  May  62 
21  May  62 
21  May  62 

21  May  62 

22  May  62 
22  May  62 
22  May  62 
22  May  62 
22  May  62 
22  May  62 
22  May  62 
22  May  62 
22  May  62 
22  May  62 
24  May  62 
24  May  62 
24  May  62 
24  May  62 
24  May  62 
24  May  62 
24  May  62 
24  May  62 
24  May  62 
24  May  62 
24  May  62 
24  May  62 
24  May  62 
28  May  62 

28  May  62 

29  May  62 
29  May  62 
29  May  62 
29  May  62 
29  May  62 
29  May  62 
29  May  62 

29  May  62 

30  May  62 
30  May  62 


Latitude 

tudo 

-  (M 

pCi  Be 
100  SCI 

70°N-65°N 

13.6 

1110 

70°N-65°N 

15.2 

1330 

70°N-65°N 

16.7 

1420 

70°N-65°N 

18.3 

1400 

70°N-65°N 

19.9 

1530 

29°N-24°N 

16 . 8 

2370 

23°N-15°N 

16.8 

658 

30°N-19°N 

18.2 

3280 

30°N-16°N 

19.8 

1520 

30°N-15°N 

20.3 

1370 

64°N-57°N 

16.  S 

1310 

40°N-31°N 

16.8 

3260 

35°N-31°N 

16.8 

3300 

90°N-80°N 

11.6 

790 

90°N-80°N 

11 . 6 

855 

88°N 

11 . 6 

909 

85°N-60°N 

11.2 

584 

85°N-60°N 

12.2 

499 

80°N-60°N 

12.2 

832 

64°N 

6.1 

84.1 

65°N-63°N 

7.6 

84.9 

64°N 

9.1 

272 

64°N-63°N 

10.7 

404 

64°N-49°N 

12.2 

913 

64°N-49°N 

18.3 

1250 

64°N-49°N 

20.6 

1700 

49°N-37°N 

12.2 

925 

37°N-31°N 

12.2 

256 

49°N-43°N 

18.2 

1110 

64°N 

12.2 

734 

64°N 

16.7 

658 

64°N 

18.2 

1510 

64°N 

19.7 

1680 

64°N 

20.5 

4190 

30°N 

11.9 

61.5 

30°N 

13.6 

243 

30°N 

14.9 

1360 

30°N 

16 . 6 

1420 

30°N 

17.1 

2440 

30°N 

18.6 

1000 

30°N 

19.8 

1740 

30°N 

20.8 

1350 

64°N-49°N 

20.2 

1900 

49°N-32°N 

19.8 

1620 

65°N-63°N 

6.1 

117 

66°N-65°N 

7.6 

48 . 8 

64°N-63°N 

9.1 

318 

66°N-65°N 

10.7 

742 

64°N-49°N 

13.7 

944 

64°N-49°N 

19.8 

1430 

49°N-31°N 

14.0 

956 

49°N-31°N 

19.7 

1540 

63°N-49°N 

16.7 

2890 

49°N-310N 

16.7 

1270 

505 


ISOTOPES,  A  Teledyne  Company 


TABLE  115  (cont'd.) 


Sample 

Collection 

Altitude 

No. 

Date 

Latitude 

(ta.) 

ST-1383 

31  May  62 

70°N-65°N 

12.2 

ST-1384 

31  May  62 

70°N-65°N 

13.7 

ST-1385 

31  May  62 

70°N-65°N 

15.3 

ST-1386 

31  May  62 

7  0°N-65°N 

16.8 

ST-1387 

31  May  62 

70°N-65°N 

18.3 

ST-1388 

31  May  62 

70°N-65°N 

20.0 

ST-1389 

31  May  62 

30°N-15°N 

16.8 

SF-66S 

31  May  62 

19°N-15°N 

18.6 

ST-1391 

31  May  62 

24°N-15°N 

20.3 

ST-1392 

5  Jun  62 

65°N 

6.1 

ST -13 93 

5  Jun  62 

65°N 

7.6 

ST-1394 

5  Jun  62 

6  5°N 

9.1 

ST-1395 

5  Jun  62 

65°N 

10.7 

ST-1396 

5  Jun  62 

64°N-49°N 

12.2 

ST-1397 

5  Jun  62 

64°N-54°N 

15.6 

ST-1398 

5  Jun  62 

53°N-49°N 

15.4 

ST -14 00 

5  Juri  62 

64°N-49°N 

20.4 

ST-1402 

5  Jun  62 

40°N-32°N 

12.5 

ST-1403 

5  Jun  62 

49°N-31°N 

15.3 

ST-1404 

5  Jun  62 

49°N-31°N 

18.4 

ST-1405 

5  Jun  62 

49°N-3l°N 

20.1 

ST-1406 

7  Jun  62 

64°N 

12.2 

ST-1407 

7  Jun  62 

64°  N 

13.6 

ST-1408 

7  Jun  62 

64°N 

15.2 

ST-1409 

7  Jun  62 

64°  N 

16.8 

ST-1410 

7  Jun  62 

66°N-64°N 

18.3 

ST-1411 

7  Jun  62 

66°N-64°N 

19.9 

ST -1412 

7  Jun  62 

66°N-64°N 

20.4 

ST-1413 

7  Jun  62 

30°N 

12.2 

ST-1414 

7  Jun  62 

30°N 

13.7 

ST -1415 

7  Jun  62 

30°N 

15.2 

ST-1416 

7  Jun  62 

30°N 

16.9 

SF-669 

7  Jun  62 

30°N 

17.4 

ST-1417 

7  Jun  62 

30°N 

20.0 

ST-1418 

7  Jun  62 

30°N 

21.1 

ST-1419 

12  Jun  62 

65°N 

6.1 

ST-1420 

12  Jun  62 

65°N 

7.6 

ST-1421 

12  Jun  62 

65°N 

9.1 

ST -142 2 

12  Jun  62 

6  5°N 

10.7 

ST -142 3 

12  Jun  62 

64°N-49°N 

13.7 

ST -142 4 

12  Jun  62 

64°N-49°N 

16.8 

ST-142  5 

12  Jun  62 

64°N-49°N 

19.9 

ST-1426 

.12  Jun  62 

64°N-49°N 

20.4 

ST-1427 

12  Jun  62 

49°N-36°N 

13.9 

ST-1428 

12  Jun  62 

36°N-31°N 

13.9 

ST -1431 

12  Jun  62 

49°N-40°N 

19.9 

ST-1432 

12  Jun  62 

49°N-40°N 

20.2 

ST-1433 

12  Jun  62 

40°N-31°N 

20.7 

ST-1435 

13  Jun  62 

90°N-80°N 

12.2 

ST-1434 

13  Jun  62 

80°N-60°N 

11.0 

ST -14 3 6 

13  Jun  62 

80°N-60°N 

12.5 

ST -143 7 

14  Jun  62 

70°N-65°N 

12 . 2 

ST -143 8 

14  Jun  62 

70°N-65°N 

13.7 

pCi  Be7 
100  SCM 

824 
701 
1060 
1820 
£  3240 
1490 
588 
5110 
638 
56.3 

74.2 
180 
787 
787 

£  4480 
746 
1770 
180 
811 
1110 
1170 
1060 
744 
1310 
1280 
2430 
6060 
1740 

56.3 
150 
366 
652 

8990 

1390 

1300 

21.0 

17.8 

44.7 

98.1 

849 

1510 

2140 

2330 

410 

129 

2290 

2000 

1510 

626 

548 

730 

866 

657 


506 


ISOTOPES,  A  Teledyne  Company 
TABLE "ll 5  (cont'd.) 


ST -1470 

ST -1471 

ST-1472 

ST-1462 

ST-1473 

ST-1474 

ST-1475 

ST-1476 

ST-1477 

ST -147 8 

ST-1479 

ST -1480 

ST-1481 

ST-1482 

S'T-1489 

ST-1490 

ST-1491 

ST -1492 

ST -14 93 

SF-683 

ST-685 

SF-1494 

ST-1497 

ST-1495 

ST-1496 


Sample 

Collection 

No. 

Date 

ST-1439 

14  Jun  62 

ST-1440 

14  Jun  62 

ST-1441 

14  Jun  62 

ST-1442 

14  Jun  62 

ST -1443 

14  Jun  62 

ST-1444 

14  Jun  62 

ST-1445 

14  Jun  62 

ST-1448 

14  Jun  62 

ST-1449 

14  Jun  62 

ST-1450 

15  Jun  62 

ST-1451 

15  Jun  62 

ST-1452 

15  Jun  62 

ST-1453 

15  Jun  62 

ST-1454 

15  Jun  62 

ST-1455 

18  Jun  62 

ST-1456 

18  Jun  62 

ST-1457 

18  Jun  62 

ST-1458 

19  Jun  62 

ST -14 59 

19  Jun  62 

ST -1460 

19  Jun  62 

ST-1461 

19  Jun  62 

ST -1463 

19  Jun  62 

ST-1464 

19  Jun  62 

ST -146  5 

19  Jun  62 

ST-1466 

19  Jun  62 

ST -146 8 

19  Jun  62 

ST-1467 

19  Jun  62 

ST-1469 

19  Jun  62 

19  Jun  62 
19  Jun  62 

19  Jun  62 

20  Juri  62 

21  Jun  62 
21  Jun  62 
21  Jun  62 
21  Jun  62 
21  Jun  62 
21  Jun  62 
21  Jun  62 
21  Jun  62 

21  Jun  62 

22  Jun  62 
22  Jun  62 

22  Jun  62 

23  Jun  62 
23  Jun  62 
23  Jun  62 

23  Jun  62 

24  Jun  62 
24  Jun  62 
26  Jun  62 
26  Juri  62 
26  Jun  62 


Altitude 

Latitude  (km) 


pCi  Be^ 
100  SCM 


70°N-65°N 

70°N-65°N 

70°N-65°N 

70oN-65°N 

70oN-65°N 

70oN-65°N 

30°N-15°N 

30°N-22°N 

30°N-15°N 

15°N-09°N 

15°N-09°N 

15°N-09°N 

15°N-09°N 

15°N-09°N 

09°N 

09°N 

09°N 

65°N 

65°N 

65°N 

65°N 

64°N-49°N 

64°N-49°N 

62°N-49°N 

64°N-49°N 

490N-44°N 

44°N-31°N 

49°N-44°N 

49°N-31°N 

49°N-44°N 

44°N-31°N 

65°N 

64°N 

64°N 

64°N 

64°N 

64°N 

64°N 

64°N 

30°N 

30°N 

30°  N 

34°N-31°N 
31°N-2  5°N 
09°N-04°S 
04°S-10°S 
09°N-04°S 
02oN-020  S 
28°N-23°N 
2  5°N-23°N 
73°N-70°N 
73°N-60°N 
73°N-60°N 


15.3 

1480 

16.8 

1600 

18.3 

1770 

19.8 

3040 

19.9 

2610 

20.1 

2480 

16.8 

1380 

20.1 

812 

20.5 

665 

12.3 

£  42.3 

15.7 

£  42.6 

15.2 

2  54 

16.8 

547 

19.8 

1330 

13.7 

61.4 

15.2 

264 

19.8 

1120 

6.1 

28.8 

7.6 

35.1 

9.1 

25.4 

9.1 

23.7 

12.2 

903 

15.3 

1370 

18.3 

1480 

20.1 

2030 

12.2 

399 

12.3 

£  103 

15.2 

486 

18.3 

1400 

20.3 

2190 

21.2 

2050 

10.7 

53.1 

22.2 

708 

13.8 

1100 

15.3 

2.120 

16.8 

1420 

18.3 

1650 

19.8 

2030 

20.4 

3700 

20.1 

1310 

21.0 

1700 

12 . 2 

162 

20.0 

1980 

21.2 

312 

12.2 

£  51 . 7 

12.2 

70.6 

18.3 

429 

18.3 

3000 

18.4 

2060 

19.9 

r- 

CN 
r— i 

VI 

11.0 

472 

11.0 

598 

11.9 

703 
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TABLE  115  (cont’d.) 


Sample 

Collection 

Altitude 

pCi  Be' 

No. 

Date 

Latitude 

(km) 

100  SCM 

ST-1498 

26  Jun  62 

73°N-60°N 

11.9 

483 

ST-1502 

26  Jun  62 

65° 

10,7 

490 

ST-1507 

26  Jun  62 

64°N-49°N 

20.3 

2030 

ST-1508 

26  Jun  62 

49°N-31°N 

13.8 

308 

ST-1510 

26  Jun  62 

48°N-31°N 

20.0 

2000 

ST-1511 

26  Jun  62 

48°N-31°N 

20.7 

1790 

SF-688 

27  Jun  62 

19°N-14°N 

18.3 

1800 

ST-1512 

27  Jun  62 

19°N-18°N 

20.1 

580 

ST-1513 

28  Jun  62 

70°N-65°N 

12.2 

2350 

ST-1514 

28  Jun  62 

70®N-65°N 

13.8 

1400 

ST-1515 

28  Jun  62 

70°N-65°N 

15.2 

1360 

ST-1516 

28  Jun  62 

70°N-65°N 

16.8 

1530 

ST -1517 

28  Jun  62 

70°N-65°N 

18.4 

2020 

ST -1520 

28  Jun  62 

30°N-15°N 

18.3 

1120 

ST-1521 

28  Jun  62 

30°N-15°N 

20.1 

1110 

ST-1526 

29  Jun  62 

09°N-10°S 

15.1 

142 

SF-692 

29  Jun  62 

09°N-04°S 

19.8 

2000 

ST-1527 

29  Jun  62 

04°S-09°S 

19.8 

1800 

ST-1528 

29  Jun  62 

04°S-09°S 

20.3 

649 

SF-693 

29  Jun  62 

02°N-04°S 

20.7 

<4000 

SF-694 

29  Jun  62 

09*N-03°N 

21.0 

7080 

SF-697 

3  Jul  62 

09°N-02°N 

16.8 

<1270 

SF-698 

3  Jul  62 

02°N-04°S 

16.8 

<  205 

SF-699 

3  Jul  62 

04°S-10°S 

17.0 

1040 

SF-695 

3  Jul  62 

15°N-09°N 

18.3 

<1490 

SF-696 

3  Jul  62 

15°N-09°N 

20.2 

1250 

ST-1529 

3  Jul  62 

04*S-10°S 

20.4 

16400 

SF-700 

3  Jul  62 

09°N-04°S 

20.8 

<5540 

ST-1530 

5  Jul  62 

65°N-63°N 

6.1 

46.3 

ST-1531 

5  Jul  62 

65°N-64°N 

7.6 

42 . 9 

ST-1532 

5  Jul  62 

64°N-63°N 

9.1 

1520 

ST -1533 

5  Jul  62 

65°N-64°N 

10.7 

221 

SF-1535 

6  Jul  62 

65°N-49°N 

15.3 

2390 

SF-1536 

6  Jul  62 

65°N-49°N 

18.3 

1540 

SF-1537 

6  Jul  62 

65°N-49°N 

20.2 

1060 

ST-1539 

6  Jul  62 

49°N-44°N 

12.2 

<  232 

ST-1538 

6  Jul  62 

44°N-31°N 

12.2 

<  49.9 

ST-1540 

6  Jul  62 

49°N-31°N 

15.2 

550 

ST -1541 

6  Jul  62 

48°N-31°N 

18.4 

<  165 

ST-1542 

6  Jul  62 

49°N-31°N 

20.7 

1110 

ST-1543 

10  Jul  62 

70°N-65°N 

12.2 

533 

ST-1545 

10  Jul  62 

70°N-65°N 

15.2 

1330 

ST-1547 

10  Jul  62 

70°N-65°N 

18.3 

1400 

ST-1551 

10  Jul  62 

30°N-15°N 

20.0 

957 

ST-1554 

11  Jul  62 

90oN-80°N 

12.2 

801 

ST-1559 

11  Jul  62 

28°N-19°N 

19.1 

1100 

ST-1558 

11  Jul  62 

19°N-12°N 

18.8 

2610 

ST-1560 

12  Jul  62 

65°N 

6.1 

50.9 

ST-1570 

13  Jul  62 

49°N-31°N 

16.8 

3020 

ST-1571 

13  Jul  62 

49°N-31°N 

20.0 

1460 

ST-1574 

13  Jul  62 

29°N-22°N 

19.9 

1160 

ST-1575 

13  Jul  62 

26°N-21°N 

19.7 

1210 

ST-1573 

13  Jul  62 

22°N-11°N 

19.8 

1250 

ST-1576 

13  Jul  62 

21°N-10°N 

20.3 

593 
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TABLE  115  (cont'd.) 


Sample 

Collection 

AJt  i  t  tide 

pCi  Be 

No. 

Date 

Latitude 

(km) 

.1.00  SCM 

ST-1583 

19  Jul  62 

28°N-I7°N 

19.6 

773 

ST-1587 

20  Jul  62 

65°N-49°N 

1 5 . 3 

.1340 

ST-1588 

20  Jul  62 

65°N-49°N 

18.3 

2000 

ST-1589 

20  Jul  62 

58°N-49°N 

20.4 

2070 

ST-1590 

20  Jul  62 

65°N-58°N 

20.5 

2020 

ST-1594 

20  Jul  62 

49°N-36°N 

15.2 

2250 

ST-1595 

20  Jul  62 

49°N-40°N 

18.6 

1480 

ST-1596 

20  Jul  62 

40°N-31°N 

18.6 

1400 

ST-1597 

20  Jul  62 

49°N-31°N 

20.5 

1430 

ST-1601 

24  Jul  62 

70°N-65°N 

12.2 

617 

ST-1603 

24  Jul  62 

70°N-65°N 

15.3 

2030 

ST-1605 

24  Jul  62 

70oN-65°N 

18.4 

2000 

ST-1608 

24  Jul  62 

31°N-15°N 

18.3 

£  130 

ST-1609 

24  Jul  62 

31°N-15°N 

20.7 

£  959 

ST-1610 

24  Jul  62 

22°N-12°N 

16 . 8 

£  305 

ST-1618 

26  Jul  62 

65°N-49°N 

13.7 

2  92 

ST-1620 

26  Jul  62 

65°N-49°N 

19.9 

2110 

ST-1630 

27  Jul  62 

62°N-49°N 

16.8 

1380 

ST-1628 

27  Jul  62 

48°N-31°N 

19.8 

1480 

SF-1637 

3  Aug  62 

65°N-49°N 

18.4 

1940 

SF-1638 

3  Aug  62 

65°N-49°N 

20.6 

21.70 

SF-1644 

3  Aug  62 

49°N-31°N 

18.4 

1510 

SF-1645 

3  Aug  62 

49°N-36°N 

20.6 

1.440 

ST-1652 

7  Aug  62 

31°N-17#N 

20.1 

727 

SF -1660 

17  Aug  62 

49°N-40°N 

15.2 

21.8 

SF-1661 

17  Aug  62 

49°N-31°N 

18.3 

1.670 

SF-1664 

21  Aug  62 

31°N-20°N 

IS.  3 

1.090 

SF-1665 

21  Aug  62 

20°N-15°N 

18.3 

854 

SF-1667 

21  Aug  62 

31°N-20°N 

20.2 

746 

SF-1666 

21  Aug  62 

20°N-15°N 

20.0 

660 

ST-1681 

24  Aug  62 

51°N-47°N 

5. 5 

£  66.0 

ST-2515 

26  Aug  62 

74°N-54°N 

18.3 

1600 

ST-2'516 

26  Aug  62 

74°N-53°N 

19.8 

2020 

ST-1700 

27  Aug  62 

63°N-55°N 

5.5 

£  57 . 1 

ST-1698 

27  Aug  62 

39°N-35°N 

5.5 

£  358 

ST-1708 

29  Aug  62 

65r'N-4S°N 

5.5 

£  56 . 0 

ST-1712 

30  Aug  62 

51°N-4S°N 

5. 8 

£  39.8 
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"lit-'  moan  <1  Lstribut  ion  of  bury  Ilium- 7  in  thu  sampling  corridor  during 
January  to  March  .1963,  which  is  shown  in  figure  112,  shows  anomalously  high  con¬ 
centrations  in  the  northern  polar  stratosphere.  In  Table  1.16  i  lie  data  are  listed 
for  the  same  time  period.  These,  no  doubt,  resulted  from  the  artificial  produc¬ 
tion  of  beryllium- 7  by  the  .1962  Soviet  test  series.  It  would  appear  from  Figure 
.112  that  the  artificial  beryllium- 7  bad  reached  at  least  10°S  at  high  altitudes 
where  concentrations  more  than  twice  as  high  as  the  theoretical  value  were  found. 
This  might,  in  part  at  least,  represent  a  remnant  of  artificially  produced 
beryllium- 7  from  the  1962  United  States  tests  .  South  of  20°S  the  concentrations 
found  approximated  the  theoretical  values. 

Beryllium- 7  and  phospliorus-32  data  for  samples  collected  at.  three 
altitudes,  15,  .18  and  19  km,  at  65°  to  70°N  are  shown  in  Figure  113  and  are 
listed  in  Table  1.17.  The  data  suggest  a  possible  seasonal  trend,  with  high  con¬ 
centrations  in  the  polar  stratosphere  during  the  summer  months  being  replaced  by 
low  concentrations  during  the  winter  months.  Beryllium- 7  and  phosphorus-32  data 
for  equivalent  altitudes  in  the  tropical  stratosphere  and  in  the  southern  polar 


stratosphere  do  not  show  similar  trends. 

A  correlation  was  sought  between  the  appearance  of  low  beryllium- 7 
and  phosphorus-32  concentrations  at  65°N  during  the  winter  and  the  shift  in  the 
stratospheric  circulation  which  is  characterized  by  the  eastward  movement  onto 
the  North  American  continent  of  a  high  pressure  system  which  persists  over  the 
northern  Pacific*  during  the  first  half  of  the  winter.  The  eastward  migration 
of  this  high  pressure  system,  associated  with  the  disruption  of  the  typical  pole- 
eon  to  rod  low  pressure  system  of  the  winter  circulat  ion,  occurs  at  the  time  of  the 
"explosive  waniiings’’  which  usually  affect  the  upper  atmosphere  over  North  America 
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TABLE  116 «  Beryll  iurn-7  Activities  Cor  Samples 
Collected  from  January  1963  Through  March  1963 


Sample 

Collectj  on 

Altitude 

pCi  lie7 

No. 

Date 

Latitude 

(km) 

100  SCM 

ST-2554 

11  Jan  63 

20°N-09°N 

1 8 . 6 

1740 

ST-2555 

11  Jan  63 

20°N-09°N 

20.7 

6960 

ST-2707 

13  Jan  63 

10°  N 

12.2 

£  35.4 

ST-2708 

14  Jan  63 

10°N 

4.6 

£  16.5 

ST-2709 

14  Jan  63 

10°  N 

7.8 

£  24.2 

ST-2710 

14  Jan  63 

40°S 

4.6 

s  69.8 

ST-2711 

14  Jan  63 

40°S 

7.6 

51.8 

ST-2712 

14  Jan  63 

40°  S 

12.2 

277 

ST-2713 

14  Jan  63 

40°S 

15.2 

960 

ST-2714 

14  Jan  63 

40°S 

18.3 

1670 

ST-2715 

14  Jan  63 

41°S-42°S 

20.0 

806 

ST-2558 

17  Jan  63 

09°N-10°S 

18.0 

428 

ST -2 67 5 

17  Jan  63 

15°S-37°S 

18.3 

604 

ST-2676 

17  Jan  63 

15°  S-38°S 

20.6 

1060 

ST-2566 

18  Jan  63 

65°N-49°N 

15.2 

1920 

ST-2572 

18  Jan  63 

65°N-49°N 

18.4 

8140 

ST-2577 

18  Jan  63 

65°N-49°N 

20.4 

£  4340 

ST-2567 

18  Jan  63 

49°N-29°N 

15.2 

4830 

ST-2578 

18  Jan  63 

49°N-30°N 

20.7 

£12300 

ST-2722 

21  Jan  63 

10°  N 

12 . 5 

£  29.'.’ 

ST-2580 

22  Jan  63 

70°N-65°N 

12.2 

1160 

ST-2585 

22  Jan  63 

70°N-65°K 

15.2 

1930 

ST-2590 

22  Jan  63 

70°N-65°N 

18.3 

1.1600 

ST-2597 

22  Jan  63 

32°N-19°N 

18.6 

3210 

ST-2599 

22  Jan  63 

32°N-19°N 

20.8 

4070 

ST-4486 

24  Jan  63 

49°N-37°N 

20.7 

4450 

ST-4487 

26  Jan  63 

65°N-49°N 

20.5 

8900 

ST-2645 

29  Jan  63 

40°  S 

4.6 

26.7 

ST-2646 

29  Jan  63 

40°S 

7.6 

104 

ST-2647 

29  Jan  63 

40°S 

12.2 

475 

ST-2648 

30  Jan  63 

72°N-70°N 

4.6 

63.3 

ST-2649 

30  Jan  63 

708N  ' 

7.6 

105 

ST-2650 

30  Jan  63 

35°N 

4.9 

4.90 

ST-2651 

30  Jan  63 

35°N-33°N  • 

7.6 

168 

ST-2652 

30  Jan  63 

35°N 

12.2 

162 

ST-2926 

4  Feb  63 

10°N 

13.1 

£  56.8 

ST-2928 

4  Feb  63 

40°S-44°S 

14.0 

250 

ST-2929 

10  Feb  63 

10°N-09°N 

4.6 

£  27.7 

ST-2930 

10  Feb  63 

:lo°n-o8°n 

7.6 

£  26.1 

ST-2931 

10  Feb  63 

10°  N 

12.2 

£  48.6 

ST-2901 

12  Feb  63 

90°N-60°N 

12 . 3 

£  280 

ST-2902 

14  Feb  63 

64°N-49°N 

12.2 

1360 

ST-2903 

14  Feb  63 

64°N-49°N 

15.2 

2560 

ST-2904 

14  Feb  63 

64°N-58°N 

IS .  3 

59800 

ST-2905 

14  Feb  63 

64°N-55°N 

20.9 

1140 

ST-2906 

14  Feb  63 

49°N-31°N 

12.2 

723 

ST-2907 

14  Feb  63 

49°N-31°N 

15.1 

4.160 

ST-2908 

14  Feb  63 

49°N-31°N 

18.4 

10100 

ST-2910 

14  Feb  63 

09°N-06°  S 

IS. 6 

385 

ST-2911 

14  Feb  63 

09°N-10°S 

19.8 

766 
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TABLE  3.16  (cont'd . ) 


Sample; 

Col  Loot  Lon 

Altitude 

pCi  13 q 

No. 

Date 

Latitude 

(km) 

100  SCM 

ST-29.1.2 

.1.4  fob  63 

16°S-37°S 

18.3 

959 

ST-2913 

.1.4  fob  63 

16°S-37°S 

19.8 

£  3240 

ST  -2  9.1.4 

.1.9  fob  68 

70°N-64°N 

12,2 

1940 

ST -2 915 

19  fob  68 

70°N-64°N 

15.2 

4500 

ST -2 916 

19  fob  63 

70C,N-64°N 

IS.  3 

6770 

ST-29.1.7 

19  fob  68 

70°N-64°N 

19.8 

3780 

ST -2  9.1 8 

19  fob  63 

25°N-19°N 

18.4 

1810 

ST -2 91 9 

.19  fob  03 

25°N-19°N 

19.  S 

2450 

ST -2 920 

19  fob  63 

20°N-09°N 

18.5 

684 

ST -2 92] 

.1.9  fob  68 

20°N-09°N 

19.8 

2560 

ST-2922 

21  fob  08 

65°  N 

6.1 

*  85.9 

ST -2 928 

21  fob  68 

65°N 

7.6 

47.1 

ST -2 92 4 

21  fob  68 

65°N 

9.1 

&  59.0 

ST -2  92  5 

21  fob  68 

65°  N 

10.7 

.1360 

ST-3221 

10  Mar  63 

10°N-08°N 

4.6 

£  90.0 

ST-3222 

10  Mar  63 

10°N 

7.6 

*  1S8 

ST-3223 

.10  Mar  63 

10  °N 

12.2 

450 

ST-8224 

11  Mar  63 

40°  S 

4.6 

£  76.5 

ST -82  2  5 

11  Mar  63 

40°S 

7.6 

£  77.1 

ST-8226 

1.1  Mar  63 

40°S 

12.2 

£  202 

ST -322 7 

1.1  Mar  63 

40°S-41°S 

15.2 

£  1080 

ST -32 2 8 

11  Mar  68 

40°S-41°S 

18.3 

£  3280 

ST-3229 

11  Mar  68 

42°S-43°S 

20.3 

£  5440 

ST -82 30 

.1.9  Mar  68 

70°N-64oN 

12.2 

1680 

ST-32  3.1 

19  Mar  63 

70°N-64°N 

15.2 

3260 

ST-3232 

19  Mar  63 

70°N-64°N 

18.3 

6710 

ST-8288 

19  Mar  63 

:i.5°N-09°N 

18.0 

£  3560 

ST-3235 

26  Mar  63 

70°N 

4.6 

£  138 

ST-3236 

26  Mar  68 

73°N-71°N 

7.6 

£  474 

ST-3238 

26  Mar  63 

34°N-33°N 

4.9 

£  103 

ST -82  8  9 

26  Mar  63 

33°N 

7.6 

£  210 

ST-3237 

26  Mar  63 

10°N-05°N 

15.2 

£  571 

ST-3240 

26  Mar  68 

40°S-43°S 

4.6 

£  72.0 

ST-3241 

26  Mar  63 

40°S 

7.6 

£  175 

ST -32 42 

26  Mar  63 

40°  S 

12.2 

354 

ST-3243 

26  Mar  63 

40°S-42°S 

14.3 

606 

ST-3244 

28  Mar  63 

49*N-40°N 

15  3 

2810 

ST -32  4  5 

28  Mar  63 

49°N-33S>N 

19.8 

2910 

ST-8246 

28  Mar  63 

02  °  N -10° S 

18.6 

787 

ST -32 4 7 

28  Mar  63 

03°N-I0°S 

21.1 

1340 

ST -32  4  9 

29  Mar  68 

42°S-45°S 

19.5 

£  5180 
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during  late  winter.  During  early  1962  and  early  1963  the  eastward  movement 
of  this  high  pressure  system  was  accompanied  by  sudden  decreases  in  the  total 
beta  activity  of  STARDUST  filter  samples  collected  over  Alaska.  It  was  anti¬ 
cipated  that  such  air  motions  would  also  produce  sudden  decreases  in  concen¬ 
trations  of  cosmic  ray  products  in  the  stratosphere  in  this  region,  since  they 
would  bring  in  northward  moving  air  from  low  latitudes,  where  the  production 
rates  of  cosmic  ray  products  are  relatively  low.  The  beryllium-7  and  phosphorus-32 
concentrations  and  the  atmospheric  temperatures  at  65°N  during  October  1963  to 
March  1964  are  plotted  in  Figure  114.  The  frequency  of  filter  sample  collection 
and  the  reliability  of  the  radiochemical  results  were  not  sufficient  to  sub¬ 
stantiate  any  possible  correlation  between  changes  in  temperature  and  in  nuclide 
concentrations. 

The  distributions  of  beryllium-7  and  phosphorus-32  in  the  STARDUST 
sampling  corridor  during  December  1963  are  shown  in  Figure  115,  and  those  during 
February  1964  and  February  1965  are  shown  in  Figures  116  and  117,  respectively. 

The  data  are  listed  in  Table  118  for  February  1965;  the  other  data  are  in  Table  117. 
The  concentrations  are  plotted  over  horizontal  lines  representing  the  flight  tracks 
of  the  sampling  missions.  The  concentration  isolines  in  the  figure  indicate  the 
concentrations  expected  in  a  quiescent  atmosphere,  and  are  based  on  figures  from 
Bhandari,  et  al  .  The  concentrations  at  15  Km  and  above  in  the  northern  polar 
stratosphere  during  February  1964  were  significantly  lower  than  those  in  this 
region  during  December  1963  indicating  the  possibility  that  an  influx  of  air  from 
lower  latitudes  had  recently  occurred.  This  was  not  true  in  February  1965,  but 
the  data  in  Figure  111  suggest  that  a  change  in  the  pattern  of  the  stratospheric 
circulation  over  Alaska  may  have  occurred  earlier,  during  January  1965. 
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FIGURE  114.  ACTIVITIES  OF  BERYLLIUM -7  AND  PHOSPHORUS 
-32,  AND  TEMPERATURES  AT  65°N  DURING  OCT.  1963 
ANd  MAR.  1964 
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FIGURE  115.  MEASUREMENTS  OF  Be-*  AND  P-32  (pCi/IOOSCM) 
DURING  DECEMBER  1963 
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FIGURE  117.  MEASUREMENTS  OF  Bt?  AND  P52  (pCi  100  SCM)  DURING  FEB  I960 
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Sample 

No. 


ST-6995 

ST-6996 

ST-6997 

ST-6999 

ST-7000 

ST-7001 

ST-7004 

ST-7003 

ST-7005 

ST-7006 

ST-7007 

ST-7008 

ST-7009 

ST-7015 

ST-7016 

ST-7017 

ST-7026 

ST -7  02  3 

ST-7024 


TABLE  118  •  Berylli  urn-7 
for  Samples  Col3.ec 


and  Phosphorus-32  Aetivi 
led  during  February  1965 


li  es 


Collection 

Date 

2  Feb  65 
2  Feb  65 

2  Feb  65 

3  Feb  65 
3  Feb  65 
5  Feb  65 
5  Feb  65 
5  Feb  65 

11  Feb  65 
11  Feb  65 
11  Feb  65 
16  Feb  65 
16  Feb  65 
16  Feb  65 
16  Feb  65 
16  Feb  65 
18  Feb  65 
20  Feb  65 
20  Feb  65 


Latitude 

52°N-37°N 

52°N-37°N 

36°N-23°N 

64°N-55°N 

648N-55°N 

41°N-35°N 

36°N-24°N 

24°N-09°N 

38°S-47°S 

38°S-47°S 

38°S-47°S 

7  5°N-67*N 

75°N-67°N 

15°S-37°S 

150S-37°S 

22°S-37°S 

90°N-60oN 

67°N-58°N 

58°N-47°N 


Altitude 

18.3 

19.4 
19.0 
11.9 

13.1 
11.9 

19.6 

19.3 
16.8 

18.3 

19.8 

15.2 

16.8 

18.3 
19.8 
21.0 

11.7 
15.2 
15.2 


pCi  Be7 
100  SCM 


1160 

1470 

1560 

1070 

1270 

364 

1120 

1000 

1140 

913 

1560 

1490 

938 

1260 

270 


pci  p32 

100  SCM 


11.3 
14.8 

14.3 

10.3 

11.1 

4.36 

15.0 

5.01 

19.4 
18.1 

24.6 
(70.1) 

23.0 

12.5 
12.2 
14.3 

4.86 

(24.8) 

12.7 
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FIGURE  116.  STRATOSPHERIC  DISTRIBUTION  OF  BERYLLIUM-7  ACTIVITIES 
FOR  OCTOBER  1963  THROUGH  MARCH  1964 
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FIGURE  119.  STRATOSPHERIC  DISTRIBUTION  OF  PHOSPHORUS-32  ACTIVITIES 
FOR  OCTOBER  1963  THROUGH  MARCH  1964 
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FIGURE  120.  B«-7/P-32  ACTIVITY  RATIOS  IN  THE  STRATOSPHERE  FOR 

OCTOBER  1963  THROUGH  MARCH  1964 


latitude 


FIGURE  121.  P-32 /P-33  ACTIVITY  RATIOS  IN  THE  STRATOSPHERE 

FOR  OCTOBER  1963  THROUGH  MARCH  1964 
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Comparisons  of  measured  ratios  of  cosmic  ray  produced  isotopes  to 

the  corresponding  predicted  ratios  can  provide  information  on  the  circulation  and 

61  32  33 

mixing  patterns  of  the  stratosphere  and  troposphere  .  The  ratios  P/  P 
7  32 

and  Be/  P  may  be  of  particular  interest  since  all  are  of  cosmogenic  origin 
and  have  relatively  short  half-lives. 

The  data  for  phosphorus  were  not  sufficiently  plentiful  for 
analysis  on  a  month-to-month  basis  for  all  altitudes  and  latitudes  in  the  sampl¬ 
ing  corridor.  Averages  of  the  data  during  the  period  from  October  1963  to  March 

1964  for  beryllium- 7  and  phosphorus-32  are  shown  in  Figures  118  and  119  respective- 

7  32  32  33 

ly,  and  the  ratios  Be/  P  and  P/  P  for  the  same  period  of  time  are  shown  in 

Figures  120  and  121.  The  data  in  tabular  form  for  the  ratios  are  given  in 

Table  117.  From  the  predicted  beryllium-7  and  phosphorus  concentrations  of 
62 

Bhandari  et  al.  ,  shown  by  the  isolines  in  Figure  115,  the  predicted  ratio 
7  32 

Be/  P  should  range  between  100  and  120.  The  measured  ratios  (with  some 
exceptions)  in  the  altitude  range  18  to  20  km  and  latitude  range  30°N  to  30°S 
agree  better  with  the  predicted  ratios  than  do  those  of  lower  altitude  or  higher 
latitude . 

The  beryllium-7  concentrations  show  the  same  variances  from  the 
7  32 

predicted  values  as  do  the  Be/  P  ratios.  The  phosphorus-32  concentrations  agree 

quite  well  with  the  corresponding  predicted  values  over  most  of  the  ranges  of 

32  33  61 

latitudes  and  altitudes.  The  predicted  ratio  P/  P  of  Lai  and  Peters 

for  a  quiescent  atmosphere  is  1.22  irrespective  of  latitude  or  altitude.  The 

measured  ratios  as  shown  in  Figure  121  agree  quite  well  with  the  predicted  ratio. 
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Stratospheric  Distribution  of  Sodium-22 

According  to  Bhandari  et  al.^  the  only  data  available  considered  to 
represent  natural  cosmic  ray  levels  of  sodium-22  were  reported  by  Bhandari  and 

/  /  /n 

Rama  00  and  Bhandari0  .  The  data  were  accumulated  between  November ’I960 

to  August  1961  and  the  observed  sodium-22  concentrations  are  shown  in  Figure 

122.  Subsequently  the  stratospheric  sodi.um-22  concentrations  increased* 

rapidly  by  two  orders  of  magnitude  by  late>1962,  undoubtedly  due  to  major 

atmospheric  nuclear  test-series  in  1961-1962. 

The’ sodium-22  data  accumulated  during  October  1963  to  Marcli  1964 

for  Project  STARDUST  are  shown  in  Figure  123  and  are  listed  on  Table  119.' 

In  the  range  of  15°S  -  45°S  and  18  km  -  21  km  the  sodium-22  concentrations 

are  considerably  lower  than  in  the  same  ranges  in  the  northern  latitudes  - 

by  factors  of •  approximately  4-6.  .The  sodium-22  concentrations  for  the  period 

October  1963  to  March  1964  are  considerably  higher  than  the  predicted  values 

for  cosmogenic-produced  concentrations  in  a  quiescent*  stratosphere  but  agi’ee 

62 

quite  well  with  the  observations  of  Bhandari  et  al.  (Figure  8  of  that  reference). 
Bhandari  et  al.  reported  finding  a  well  defined  peak  in  the  sodium-22  concen¬ 
trations  during  October,  to  November  1963  in  filter  samples  collected  at  20  km 
in  the  stratosphere  of  the  Northern  Hemisphere.  They  reported  further  that 
during  succeeding  months  well  defined  peaks  occurred  successively  at  lower 
levels  in  the  60°  -  70°N  latitude  band.  STARDUST  data,  discussed  in  DASA  1821, 
the  Eleventh  Progress  Report  on  Project  STARDUST,  neither  confirmed  nor  contra¬ 
dicted  the  observations  of  Bhandari  et  al. 
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FIGURE  122.  OBSERVED  No22  CONCENTRATIONS  (From  Reference  3)  FROM 
NOVEMBER  I960  THROUGH  AUGUST  1961  (pCi/IOO  SCM) 
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FIGURE  123.  STRATOSPHERIC  DISTRIBUTION  OF  SODIUM-22  ACTIVITIES 
FOR  OCTOBER  1963  THROUGH  MARCH  1964 
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TABLE  119 .  Sodium-22  Activities  for  Samples 
Collected  from  October  1963  through  March  1964 


Sample 

Collection 

Altitude 

22 

pCi  Na 

No. 

Date 

Latitude 

(km) 

100  SCM 

ST-8073 

10  Oct  63 

65°N-49°N 

20.2 

7.8 

ST-8074 

24  Oct  63 

65°N-49°N 

18.4 

9.6 

ST-807  5 

24  Oct  63 

65°N-49°N 

19.9 

12.3 

ST-8076 

31  Oct  63 

65°N-49°N 

20.0 

8.3 

ST-8077 

12  Nov  63 

70°N-65°N 

19.8 

8.5 

ST-8078 

14  Nov  63 

'  65°N-49°N 

18.4 

9.1 

ST-8079 

14  Nov  63 

65°N-499N 

20.1 

9.5 

ST-6490 

14  Nov  63 

15°S-37°S 

18.3 

2.4 

ST-6491 

14  Nov  63 

15°S-37°S 

20.7 

1.9 

ST-80S1 

19  Dec  63 

65°N-499N 

18.3 

11.8 

ST-8082 

19  Dec  63 

65°N-49°N 

19.8 

8.10 

ST-6495 

7  Jan  64 

70°N-65°N 

18.3 

21. 

ST-6499 

7  Jan  64 

20°N-099N 

18.3 

0.6 

ST-6494 

9  Jan  64 

65°N-499N 

15.2 

19.1 

ST-6496 

9  Jan  64 

65°N-49°N 

18.3 

11.8 

ST-6497 

9  Jan  64 

48°N-32°N 

15.2 

6.7 

ST-6498 

9  Jan  64 

48°N-32°N 

18.3 

6.8 

ST-5695 

30  Jan  64 

65°N-49°N 

19.8 

7.6 

ST-5696 

30  Jan  64 

47°N-32°N 

19.8 

14.2 

ST-6492 

4  Feb  64 

70°N-65°N 

11.9 

5.6 

ST-6493 

5  Feb  64 

65°N-55°N 

11.9 

4.1 

ST-5697 

13  Feb  64 

65°N-40°N 

18.3 

10.7 

ST-5698 

13  Feb  64 

48°N-32°N 

18.3 

9.7 

ST-5393 

18  Feb  64 

70°N-65°N 

11.9 

11.9 

ST-5394 

IS  Feb  64 

70°N-65°N 

15.2 

7.4 

ST-5395 

18  Feb  64 

709N-65°N 

18.3 

6.7 

ST-5396 

18  Feb  64 

70°N-659N 

19.5 

9.2 

ST-5397 

18  Feb  64 

32°N-20°N 

18.3 

8.0 

ST-5399 

18  Feb  64 

20°N-09°N 

18.3 

11.2 

ST-5400 

18  Feb  64 

20°N-09°N 

19.8 

8.3 

ST-5401 

18  Feb  64 

389S-479S 

18.3 

3.1 

ST-5402 

18  Feb  64 

38°S-47°S 

19.8 

2.1 

ST-5403 

19  Feb  64 

38°S-39°S 

12.2 

0.2 

ST-5404 

20  Feb  64 

65°N-49°N 

9.1 

0.7 

ST-5405 

20  Feb  64 

65°N-499N 

15.2. 

6.7 

ST-5406 

20  Feb  64 

65°N-49°N 

18.3  • 

15.1 

ST-5407 

20  Feb  64 

65°N-499N 

19.8 

8.8 

ST-5408 

20  Feb  64 

48°N-32°N 

15.2 

(29) 

ST-8083 

20  Feb  64 

489N-32°N 

15.2 

2.99 

ST-5409 

20  Feb  64 

48°N-32°N 

18.3 

12.2 

ST-5410 

20  Feb  64 

48°N-32°N 

20.4 

7.1 

ST-5411 

20  Feb  64 

15°S -37°  S 

18.0 

2.0 

ST-5412 

20  Feb  64 

15°S-37°S 

20.1 

2.8 

ST-6503 

5  Mar  64 

15°S-37°S 

20.4 

3.5 

ST-5674 

17  Mar  64 

70°N-65°N 

11.9 

4.3 

SF-5671 

17  Mar  64 

70°N-65°N 

15.2 

12.0 

ST-5672 

17  Mar  64 

70°N-65°N 

18.3 

8.4 

ST-5673 

17  Mar  64 

70°N-65°N 

.19,2 

12.5 

ST-5675 

]7  Mar  64 

20°N-09°N 

18.3 

7.5 

ST-5676 

17  Mar  64 

20°N-09°N 

21.0 

13.4 
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TABLE  119  (continued) 


Sample 

Collection 

Altitude 

pCi  Na'' 

No. 

Date 

Latitude 

(km) 

100  SCM 

ST-6504 

17  Mar  64 

38°S-47°S 

16.8 

1.1 

ST-5677 

17  Mar  64 

38°  S-47°S 

18.3 

1.7 

ST-5679 

18  Mar  64 

90°N-60CN 

12.2 

4.1 

ST-5680 

18  Mar  64 

65°N 

9.1 

2.0 

ST-5681 

18  Mar  64 

47°N-41°N 

11.9 

3.1 

ST-5682 

18  Mar  64 

32°N-20°N 

18.3 

4.9 

ST-5683 

18  Mar  64 

32  °N-20°N 

20.7 

10.1 

ST-5687 

19  Mar  64 

65°N-47°N 

11.9 

5.7 

ST-5684 

19  Mar  64 

65°N-49°N 

15.2. 

6.6 

ST-5685 

19  Mar  64 

65°N-49°N 

18.3 

8.2 

ST-5686 

19  Mar  64 

65°N-49°N 

19.8 

6.8 

ST-5688 

19  Mar  64 

48°N-32°N 

15.2 

2.8 

ST-5689 

19  Mar  64 

48°N-32°N 

18.3 

10.2 

ST-5691 

19  Mar  64 

09°N-10°S 

18.3 

1.6 

ST-5692 

19  Mar  64 

09°N-10°S 

20.7 

6.2 

ST-5693 

19  Mar  64 

15°S-37°S 

18.3 

0.8 

ST-6500 

31  Mar  64 

32°N-20°N 

20.4 

14.5 
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CHAPTER  11.  THE  DISTRIBUTION  OF  LEAD-210  AND  POLONIUM-210  IN  THE  STRATOSPHERE 

11.1  Source  of  Lead-210 

Uranium  is  a  fairly  common  trace  constituent  of  rocks,  soils  and 
natural  waters.  The  main  isotope  of  uranium,  uranium-238  (99.27%  abundance) 
is  radioactive,  decaying  through  a  series  of  intermediate  radioactive  daughter 
products  ultimately  to  stable  lead-206.  The  predominant  decay  series  of 
uranium-238,  which  is  summarized  in  Table  120  includes  radon,  which  chem¬ 
ically  behaves  as  a  rare  gas.  When  the  uranium,  or  at  least  the  immediate 
parent  of  radon,  radium-226,  is  situated  in  rocks,  soil  or  water  close  to  the 
surface  of  the  earth,  some  of  the  radon  atoms  produced  by  its  decay  may  escape 
into  the  atmosphere  during  the  few  days  which  pass  between  their  formation  and 
their  decay.  When  they  do  decay  in  the  free  atmosphere  their  daughter  products 
will  be  ionized  and  will  tend  to  undergo  chemical  reactions  and  to  become 
attached  to  dust  particles  in  the  atmosphere.  For  the  most  part,  the  radon 
atoms  which  enter  the  atmosphere  will  remain  in  the  lower  troposphere,  and 
their  decay  products  will  rapidly  be  washed  out  and  returned  to  the  surface  of 
the  earth.  Some,  however,  will  be  carried  into  the  upper  troposphere  or,  per¬ 
haps,  even  into  the  lower  stratosphere  before  they  decay,  and  their  daughter 
products  may  form  within,  or  may  be  carried  into,  the  stratosphere.  As  a  result 
low  concentrations  of  lead-210  (radium-D),  bismuth-210  (radium-E),  and  polonium-210 
(radium-F)  are  found  in  filter  samples  of  stratospheric  air. 

11.2  Distribution  of  Lead-210  and  Polonium-210  Reported  by  Other  Workers 

68 

Burton  and  Stewart  measured  lead-210  and  polonium-210  in  stratospheric 
and  tropospheric  air  arid  concluded  that  their  results  substantiated  the  validity 
of  the  concept  of  the  organized  circulation  of  stratospheric  air  which  had  been 
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TABLE  120. 


The  Predominant  Decay  Series 


of  Uranium-‘.»3R 


Nuclide 

238 


U 


Th 


234 


234 


Pa 
234 


U 


Th 


230 


Ra 


226 


Rn 


222 


Po 


218 


Pb 


214 


Bi 


,214 


Po 


214 


Pb 


210 


Bi 


.210 


Po 


210 


Pb 


206 


Name 

Uranium  I 
Uranium  X^ 
Uranium  X2 
Uranium  II 
Ionium 
Radium 
Radon 
•Radium  A 
Radium  B 
Radium  C 
Radium  C 
Radium  D 
Radium  E 
Radium  F 
Radium  G 


Hal f  Lj  f‘e 

4.51  x  109  years 

24.10  days 

1*18  minutes 

2.48  x  105  years 

7.6  x  104  years 

1*62  x  103  years 

3.823  days 

3.05  minutes 

26.8  minutes 

19.7  minutes 
-4 

1.64  x  10  seconds 
22  years 
5.0  days 
138.4  days 
stable 


Mode  of  Decay 


a 

fT 

(99.4%) 

a 

a 

a 

a 

a  (99.97%) 
P~ 

e"(99.96%) 

a 

p" 

P"(~joo%) 
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proposed  by  Brewer  ,  ant!  that  approximately  200  days  were  required  for  air 

which  entered  the  stratosphere  at  low  latitudes  to  leave  it  at  mid-latitudes. 

69 

Measurements  by  Rama  and  Honda  led  them  to  the  conclusion  that  the  high 
concentrations  found  by  Burton  and  Stewart  "appear  to  be  due  to  some  local 
causes."  Based  on  their  own  data  Rama  and  Honda  concluded  that  the  resi¬ 
dence  time  of  lcad-210  in  the  stratosphere  "is  long  enough  to  permit  the 
processes  of  mixing  to  make  the  concentration  more  or  less  independent  of 
altitude  and  latitude." 

62 

Bhandari  et  al-  ,  on  the  basis  of  published  values  of  stratospheric 
lead-210  concentrations,  concluded  that  the  lead-210  content  of  stratospheric 
air  between  55°  and  75°  latitude  is  lower  than  the  lead-210  content  of  other 
atmospheric  regions,  and  that  the  highest  lead-210  concentrations  occur  in  the 
equatorial  stratosphere.  They  attributed  the  low  values  in  the  polar  strato¬ 
sphere  to  removal  of  aerosols  from  that  region  by  gravitational  settling,  with 
a  mean  time  of  settling  of  36  months.  They  suggested  intrusions  of  tropo¬ 
spheric  air  into  the  tropical  stratosphere,  perhaps  by  highly  turbulent  verti¬ 
cal  mixing  associated  with  thunderstorms,  as  the  cause  of  the  high  lead-210 
concentrations  in  the  tropical  stratosphere. 

Martell  ^  suggested  that  the  distribution  of  lead-210  concentrations 
in  the  stratosphere  which  was  noted  by  Bhandari  et  al.  could  have  resulted  from 
gravitational  settling  of  particles  of  the  stratospheric  aerosol,  to  which  the 
lead-210  had  become  attached,  as  these  particles  were  carried  to  higher  strato¬ 
spheric  levels  by  quasi-horizontal  motions  along  mixing  surfaces  which  slope 
upward  from  the  poles  toward  the  equator. 
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Karol  used  published  results  of  Project  STARDUST  measurements  of 

lead-210  and  polonium-210  in  filter  samples  of  stratospheric  air  to  calculate 

mean  values  of  quasi-vertical  velocity  and  turbulent  diffusion  coefficients 

in  the  lower  stratosphere. 

72 

Peirson  et  al.  measured  the  vertical  gradient  of  lead-210  in 

the  atmosphere  over  the  United  Kingdom  and  fourd  that  it  conformed  to  the 

70 

diffusion  models  of  Jacobi  and  Andre  (for  the  case  of  short  washout  times) 
73 

and  of  Machta  .  Measurements  of  lead-210  in  the  stratosphere  made  as  part- 
75, 33 

of  another  program  using  filter  samples  collected  during  1960  and  1961, 

show  that  within  the  polar  stratosphere,  at  least,  concentrations  of  lead-210 

decrease  with  increasing  altitude,  and  that  at  altitudes  above  the  level  of 

the  tropical  tropopause  the  highest  lead-210  concentrations  are  found  in  the 

tropical  stratosphere.  Lead-210  was  measured  in  samples  collected  in  the 

76  77 

vicinity  of  the  jet  stream  in  1960  as  reported  by  Telgadas  and  Peterson 
The  results  of  these  measurements  also  indicate  that  lead-210  concentrations 


tend  to  decrease  with  increasing  altitude  above  the  level  of  the  tropopause. 
11.3  Distribution  of  Lead-210  -  STARDUST  Measurements  1957-1959 


In  another  attempt  to  describe  the  distribution  of  lead-210  in  the 

Stratosphere,  a  series  of  samples  collected  during  .1957  and  1958  on  Project 

HASP  were  analyzed  during  Project  STARDUST  and  the  results  were  reported  in  the 

74 

Eleventh  Progress  Report  .  These  data,  which  are  summarized  in  Table  121 
suggest  that  a  layer  of  relatively  high  concentrations  of  lead-210  exists  in 
the  lower  stratosphere,  two  to  three  kilometers  above  the  tropopause,  and  that 
concentrations  decrease  with  increasing  altitude  above  this  layer.  This  dis¬ 
tribution  is  shown  in  figure  124.  The  sampling  locations  at  given  latitudes 
and  altitudes  along  various  flight  paths  are  identified  by  symbols  corres¬ 
ponding  to  the  number  of  samples  analyzed.  The  lines  of  constant  radioactivity 


537 


latitude 


ISOTOPES 

A  Teledyne  Company 


81 

,o  rt  O  « 

8w  cm  - 
«.  •  •  ' 
o  o  <0  <M 

d  a?  0 


•  < 

4,,'* 

4  ; 

V 

4  i4\ 

•\ 

4"  i 

«"  ' 

_  41, '  I 

41  V  ®>  ' 
\  o  o\ 

5 v'*'' 

•  4\  4 


;0/  «\  « 

V  ^  \4 

s  •/'  'A  'o 


o  O  I  o  1  • 

•  0/  o  '  * 

•  pi-.Q  V 

o'.  • 

•  •  '  •  •  / 

•  Nv  •  / 

•  /  -**«%  .  ^ 


O^O 


-’V 


o  _  o 

o^ 

&  o 

o  \  o  / 

0  '°' 

- 


0§  < 
o  ‘  . 


TABLE  l2l«  The  Atmospheric  Concentrations  of  Lead-210  (pCi/100  SCM),  During  October  1957  -  July  1959 

(The  Number  of  Samples  Which  Each  Value  Represents  Follows  it  in  Parentheses) 
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in  pCi  per  100  SCM  were  derived  from  the  mean  values  at  each  sampling  point. 

Some  details  of  the  ditribution  are  uncertain  due  to  the  scarcity  of  samples 
in  some  regions. 

210 

The  accuracy  of  some  of  the  Pb  measurements  made  by  counting  the 

210 

Bi  daughter  grown  in  after  purification  of  the  lead-210  was  checked  by  also 
measuring  the  polonium-210  formed  after  lead  purification.  This  was  done  some 
three  to  six  years  after  sampling  so  that  equilibrium  between  the  lead-210  and 
polonium  210  was  assured.  Some  discrepancies  between  the  two  sets  of  results 
were  found  as  shown  in  Table  122.  The  polonium-210  derived  data  were  con¬ 
sidered  the  more  reliable  since  they  showed  less  scatter.  However  for  most 
samples  the  ''preferred"  value  is  the  mean  of  the  two  derived  values.  Where 
it  seemed  possible  and  important  to  eliminate  erroneous  data,  polonium-210 
or  bismuth-210  values  which  appeared  too  high  or  too  low  were  rejected,  perhaps 
in  some  cases  arbitrarily.  The  rejection  amounted  to  about  three  percent  of 
the  analyses. 

Table  123  compares  the  lead-210  concentrations  with  those  of  fis¬ 
sion  products.  During  the  measurements  of  bismuth-210,  traces  of  beta  emitters 
remaining  with  the  purified  lead-210  from  high  concentrations  of  fission  pro¬ 
ducts  in  the  air  particulates  could  result  in  erroneously  high  values  for  the 
lead-210  concentration.  There  is,  however,  no  apparent  correlation  between  con¬ 
centrations  of  beta  emitters  and  lead-210.  This  lack  of  correlation  also  suggests 
the  absence  of  bomb  produced  lead-210.  General  agreement  with  the  distribution 

of  lead-210  determined  from  samples  taken  during  the  period  October  1957  to  July 

76  7  7 

1959  and  that  reported  by  Telegadas  and  Peterson  for  the  periods  in  1960 
and  1961  were  found 
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TABLE  122. 

Sample  Col 

Number 

Lead-2.1.0  Concentrations  Derived  from  Bismuth  or  Polonium 
Ingrowth  following  Lead  Purification  -  Air  Particulates 
Sampled  from  1957  to  1959 

-210 

[lection 

Date 

pCi  Pb210 
100  SCM 
from  Bi210 

pCi  Pb210 
"T'fTO'CM" 
from  Po2^0 

Po210/Bi210 

pCi  Pb210 

100  SCM 

"preferred"  value 

ST-83 

29 

Aug 

57 

1.1A 

0.81A 

0.76 

0.94 

ST -84 

4 

Oct 

57 

1.4A 

(<0.06) 

(£0.04) 

1.41 

ST-1 

16 

Oct 

57 

0.94B 

- 

- 

0.94 

ST -85 

8 

Nov 

57 

(  2 . 1  )B 

0.51C 

(0.24) 

0.51 

ST -8  6 

12 

Nov 

57 

1.1  A 

0.52A 

0.46 

0.83 

ST-87 

12 

Nov 

57 

1.18 

0.41B 

0.39 

0.73 

ST -8  8 

20 

Nov 

57 

0.81B 

0.70B 

0.87 

0.76 

ST -4 

22 

Nov 

57 

(2.3) A 

- 

- 

- 

ST -5 

22 

Nov 

57 

0.80C 

- 

- 

0.80 

ST-89 

22 

Nov 

57 

1.6A 

1.0B 

0.62 

1.3 

ST -90 

26 

Nov 

57 

- 

0.87A 

- 

0.87 

ST -6 

26 

Nov 

57 

0.24C 

- 

- 

0.24 

ST -91 

26 

Nov 

57 

1.1A 

0.80A 

0.73 

0.94 

ST -92 

3 

Dec 

57 

0.80B 

0.33B 

0.42 

0.57 

ST -93 

3 

Dec 

57 

1.1B 

0.81B 

0.71 

0.98 

ST -94 

3 

Dec 

57 

1.1B 

0.54B 

0.47 

0.84 

ST -95 

14 

Dec 

57 

0.51B 

0.56B 

1.09 

0.54 

ST -96 

14 

Dec 

57 

(0.14) D 

0.78A 

(5.44) 

0.78 

ST -97 

14 

Dec 

57 

0.59B 

0.70A 

1.18 

0.64 

ST -98 

17 

Dec 

57 

0.44B 

0.73A 

1.62 

0.59 

ST -99 

10 

Jan 

58 

0.87B 

0.78A 

0.89 

0.83 

ST-8 

10 

Jan 

58 

0.68A 

- 

- 

0.  68 

ST-100 

10 

Jan 

58 

0.35B 

0.24B 

0.65 

0.29 

ST -10 

24 

Jan 

58 

0.51B 

- 

- 

0.51 

ST -11 

24 

Jan 

58 

0.41B 

- 

- 

0.41 

ST -12 

31 

Jan 

58 

0.67A 

- 

- 

0.67 

ST -13 

31 

Jan 

58 

0.56C 

- 

- 

0.56 

ST -102 

31 

Jan 

58 

0.  80B 

0.49A 

0.62 

0.64 

ST -103 

4 

Feb 

58 

O'.  65  B 

0.67A 

1.01 

0.67 

ST -104 

7 

Feb 

58 

1.2  B 

0.56A 

0.45 

0.89 

ST -14 

7 

Feb 

58 

0.51C 

- 

- 

0.51 

ST -15 

7 

Feb 

58 

0.35C 

- 

- 

0.35 

ST -105 

21 

Feb 

58 

0.62  A 

0.59B 

0.95 

0.60 

ST -17 

21 

Feb 

58 

0.  54  A 

- 

- 

0.54 

ST rl06 

26 

Feb 

58 

0.65  A 

0.60B 

0.93 

0.64 

ST -107 

26 

Feb 

58 

1.4  B 

0.41B 

0.29 

0.91 

ST -108 

1 

Mar 

58 

0.86A 

0.73  A 

0.  86 

0.80 

ST -109 

]. 

Mar 

58 

0. 35  C 

0.44B 

1.23 

0.40 

ST -18 

1 

Mar 

58 

0.41  A 

- 

- 

0.41 

ST -110 

5 

Mar 

58 

- 

0.94A 

- 

0.94 

ST -111 

5 

Mar 

58 

1.0C 

0.64D 

0.6] 

0.83 

ST -112 

11 

Mar 

58 

0.91  A 

0.49A 

0.54 

0.70 

ST -19 

28 

Mar 

58 

0.48  A 

- 

- 

0.48 

ST -20 

28 

Mar 

58 

0.49  A 

- 

- 

0.49 

Data  rejected  as 

being  incorrect  are 

placed  in  parentheses. 

Error  % 

Code; 

:  A 

<5, 

B  =  5-10,  C  =  10-20  ,  D  ®  20-50 
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I’Aiiu: 

122.  front  I.:ti (<••!) 

pf  1.  pi i-lO 

pCi  Pl>210 

pCi  Pli2i0 

Sample 

<*■•>1  1  »n:t  inti 

TOO  SOM 

.1,00  SON 

lOO  SCM 

Vtmiter 

hate 

from  Ml,  -10 

from  Pc»210 

Po210/lli210 

"preferred”*  value 

ST -21 

25  Mar  5s 

O.A"M 

0.49 

S  T  -22 

25  Mar  5s 

0.5i»A 

- 

_ 

0.56 

sr-2:t 

1  Apr  55 

0.24  A 

- 

- 

0.24 

ST -24 

1  \pr  55 

0.41  A 

- 

- 

0.41 

SI-25 

1  Apr  55 

1.2  A 

- 

- 

1.2 

sr-2i. 

4  Apr  55 

0.57  A 

- 

- 

0.57 

ST -2  7 

4  Apr  55 

0.5nA 

- 

- 

0.56 

SI* -25 

5  Apr  55 

0.  :$5A 

mm 

- 

0.35 

ST-2'» 

5  Apr  5s 

0. 1.7A 

■a 

0.67 

Si* -1  lit 

5  Apr  5s 

0.75A 

0.50A 

0.76 

0.68 

si’-r.o 

5  Apr  5s 

0.4  oA 

mm 

- 

0.49 

sr-:;i 

15  Apr  55 

0.5'Ul 

mm 

- 

0.59 

SI* -32 

15  Apr  55 

0, 52  A 

mm 

- 

0.52 

ST-:!.*: 

15  Apr  55 

O.'MIl 

- 

- 

0.94 

<1-34 

25  Apr  5  s 

0.35A 

- 

- 

0.38 

ST -US 

2  May  55 

0.4  SB 

0.5ti  A 

1.15 

0.51 

sr-ii.. 

2  May  55 

0.57  A 

0.43  A 

0.75 

0.49 

sr-:t5 

«'  May  55 

O.nStt 

mm 

_ 

0.62 

sr-:sn 

<•  May  5  5 

0.54  A 

mm 

_ 

0.84 

sr-37 

n  May  55 

0,  ii7.*A 

mm 

- 

0.67 

ST -'15 

•«  May  55 

0. 14  H 

- 

- 

0.44 

SI* -10 

<t  4ii!t  55 

0.2711 

m 

- 

0.27 

SI* -13 

it  .lent  55 

0.  i'0A 

- 

- 

0.60 

sr -ns 

20  Attn  55 

0.1.211 

0.410 

0.66 

0.51 

ST -lit 

24  Attn  55 

l.OA 

- 

1.0 

^  r— 14 

24  Ann  5 *> 

0.0211 

- 

- 

0.92 

ST -15 

,1  An]  55 

0.33C 

- 

— 

0.33 

ST— 10 

1  Anl  55 

0.4.1  C 

- 

- 

0.41 

ST-120 

4  Anl.  55 

1.11$ 

0.75  A 

0. 66 

0.95 

ST -1 2.1 

4  Anl  5s 

0.7011 

0, G5A 

0.94 

0.67 

ST -17 

5  Attl  5  s 

0.'*5U 

- 

mm 

0.98 

SI'-ls 

1.2  Sep  55 

0.4oA 

0.40D 

0.79 

0.44 

sr-i'» 

.12  Sep  5s 

l.’-'C 

0.92  A 

0.78 

1.0 

ST -122 

V>  Sep  55 

1' ,  i.)A 

0, 92  C 

(0.26) 

0.92 

SI-50 

Sep  55 

0.051) 

- 

- 

0.95 

SI-51 

2.".  Sep  55 

0. 07  |t 

0.75B 

0. 77 

0.86 

S 1-52 

23  Sep  55 

O.02  A 

- 

- 

0.92 

sr-5*i 

23  Sep  55 

-• 

0.04  A 

- 

0.64 

ST -54 

27  Sep  55 

0 ,  <  i7  A 

O.SOA 

1.20 

0.73 

<1-55 

27  Sep  55 

0.44  A 

(1.1  )A 

(2.46) 

0.44 

s r -5 1  • 

.'50  Sep  55 

0.7::  A 

- 

- 

0.73 

S  T  -5  7 

30  Sep  55 

0.  "7  A 

- 

- 

0.67 

<1  -5  5 

1  Oct  5< 

0.4,1  B 

- 

— 

0.41 

ST -1 24 

2  Oct.  5  5 

- 

(0.10)c 

- 

- 

<1-125 

::  Oct:  5  5 

- 

1.2A 

- 

,1.2 

ST  —5  •  > 

7  t  >c  t:  5  5 

1 . 1 11 

- 

- 

1.1 

ST-32*. 

7  Oct  5s 

2.  "0 

3.1c 

0.84 

2.8 

<r-n< 

1.0  Oct  55 

0.54  C 

0.4SB 

0.88 

0.51 

Pal  a  re.ieet  i'll  an  heinp  incorrect  are  placed  in  parentheses. 

I'rror  f.  Code:  A  5,  li  =  5-10,  C  =  10-20,  D  =  20-50. 
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TAIHj:  .122.  ( continued) 


Semple  Col.ioct.ion 

Number  Date 


|)Ci  IMi“10 
100  SCH 

iVom  Hi 2.10 


pci  n.210 

100  SCM 
IVom  l*o“‘  ® 


ST -60 
ST -12  9 
ST -0.1 
ST  -02 
ST -04 
ST-131 
ST -132 
ST-n:i:t 
ST-1 35 
ST -136 
ST-71 
ST -72 
SI' -137 
ST-74 
ST-75 
ST-138 
ST-140 
ST -141 
ST-70 
ST -143 
ST-77 
ST  -78 
ST-70 
ST-80 
ST -81 
ST -82 
ST-145 
ST-140 
ST-147 
ST -14 8 
ST-140 
ST-150 
ST-151 
ST -152 
ST-153 
ST-154 
ST-155 
ST-150 
ST -157 
ST -15  8 
ST -15  9 
ST -160 
ST-161 
ST-162 
ST  -163 
ST -164 
ST -165 


10  Oct  58 
14  Oct  58 

14  Oct  58 
17  Oct  58 
19  Out  58 
21  Oct  58 

21  Oct  58 

22  Out  58 
2'»  Oct  58 
29  Oct  58 

7  Nov  58 
7  Nov  58 

15  Nov  58 
15  Nov  58 
10  Nov  58 
18  Nov  58 
18  Nov  58 

20  Nov  58 

21  Nov  58 

21  Nov  58 

22  Nov  58 
25  Nov  58 
25  Nov  58 
25  Nov  58 
28  Nov  58 
28  Nov  58 

3  Doc  58 
3  Doc  58 
3  Doc  58 
3  Doc  58 
3  Doe  5*' 

3  Doe  5 6 
9  Dee  58 
.12  Doc  58 
12  Doc  58 
12  Doc  58 
12  Doc  58 
10  Doc  58 
10  Doc  58 
.16  Dec  58 
16  Doc  58 
19  Doc  58 
19  Doc  58 
19  Doc  58 
19  Doc  58 
23  Dec  58 
23  Doc  58 


0.o7B 

(2.5)|| 

l.l  A 

0.30H 

0.83A 

1.2  A 

0.380 

- 

Q.80A 

(2.0)1. 

0. 64C 

- 

0.490 

1.70 

1.4  A 

0. 890 

0.91  A 

0.8JA 

0.490 

1.10 

1.1A 

0.46C 

0.860 

1.60 

0.38A 

- 

0.25C 

- 

0.700 

0.670 

0.54D 

0.540 

0.380 

0.89A 

1.30 

a 

1.0A 

0.410 

0.51  A 

1.20 

a 

0.250 

0.73A 

0.520 

0.51A 

0. 62  D 

0.490 

0.73B 
1.5D 
0.7211 
1.411 
1.0(1 
0.97  A 
0. 73  B 
0.27C 
(1.9) C 
0,  86  B 
0. 87  U 
0.56B 
0.36b 
0.51c 
0.51C 
0.91B 
0,57  B 
0.44  B 
0.56B 


0, 73  B 
0.73B 
0. 86B 
0. 95  B 
0.75  A 
0. 75A 
1.1  A 
0. 84A 
0.29D 
0.68B 
0.65  A 
0.59  A 
0.48B 
0, 54B 
0.52B 
0.68  A 
0.29  B 
0.44  A 
0. 54  A 


(0.44) 

I.Ot# 


(0.32) 

0.84 

.1.02 


1.02 


0.24 


1.02 

2.31 


1.24 


2.83 
0. 95 
0.79 
0.98 
0.50 
1.21 
0. 67 
0. 74 
0. 76 
1.45 
3.04 
(0.14) 
0.80 
0. 74 
1.05 
1.30 
1.04 
1.04 
0.76 
0.51 
1.02 
0.98 


D.itci  rejected  os  being  incorrect  are  placed  in  parentheses. 
Lrror  %  Code:  A  <5,  B  =  5-10,  C  =  10-20,  D  =  20-50. 
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in:t  Mi  u 
100  SCM 

"lUVI'i.MTtMrVniin.t 


0.  o7 

1.1 

0.32 

1.2 
0.38 
0.80 
0.64 
0.49 
1.5 
O.K'» 
0.8| 
0.4'» 
l.l 
0.46 
0.36 
1.0 
0.25 
0.70 
0. 67 
0.54 
0.*»4 
1.3 
1.0 
0.46 
1.2 
0.49 
0.5J 
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The  chief  feature  in  the  distribution  derived  from  STARDUST  data 
is  the  occurrence  of  a  layer  of  maximum  concentration  in  the  lower  strato¬ 
sphere  at  a  height  of  about  14  kilometers  in  t lie  polar  stratosphere  but  slop¬ 
ing  upward  toward  the  equator  to  a  height  of  IS  kilometers  in  the  tropical 
stratosphere.  Above  this  layer  concentrations  decrease  with  height.  The 
highest  concentrations  were  found  in  the  equatorial  stratosphere. 

11.4  Distribution  of  Lead-210  and  Polonium-210  STARDUST  Measurements  -  1961-1963 


Analyses  of  lead-210  and  polonium-210  were  performed  on  a  large 
number  of  STARDUST  samples  collected  between  June  1961  and  March  1963.  The 
frequency  of  analysis  of  these  nuclides  was  decreased  during  1962  as  it  became 
evident  that  it  would  be  difficult  to  obtain  useful  data  because  of  contamination 
of  the  samples  by  high  activities  of  fission  products  from  the  atmospheric: 
nuclear  weapons  tests  performed  during  late  1961  and  during  1962.  Indeed  the 
.'Levels  of  activity  of  natural  lead-210  and  polonium-210  in  the  samples  are  so 
low  that  even  contamination  by  laboratory  materials  or  dust  may  constitute  a 
problem.  Nevertheless  some  useful  conclusions  may  be  drawn  from  them. 

Lead-210  which  enters  the  stratosphere  from  the  troposphere  or  is 
produced  in  the  stratosphere  by  decay  of  radon  may  experience  a  long  strato¬ 
spheric  residence  time.  In  this  event  its  daughter  product  bismuth-210  will 
rapidly  grow  into  equilibrium  with  it  and,  eventually,  so  will  polonium-210. 

The  curve  shown  in  Figure  125  represents  the  increase  in  the  activity  ratio 
v io  210 

Po“  /Pb“  to  be  expected  in  lead-210  following  its  formation.  If  the  strato¬ 


spheric  residence  time  of  lead-210  is  on  the  order  of  several  years  the  ratio 
Po"10/Pb“1(  *  in  stratospheric  samples  should  approach  1.0.  If  the  residence 


time  is  significantly  shorter,  much  lower  ratios  should  be  found. 
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FIGURE  125.  VARIATION  OF  THE  ACTIVITY  RATIO  Po 
Pbfi#  WITH  THE  AGE  OF  THE  LEAD-210 


:i  sotophs 

/\  Te  I  cdyue  Company 


Di.it  cj  points  fur  a  buries  of  samples  collected  in  the  Southern  Hemi¬ 
sphere  (lurin'.1  Oct  olier  I  %  I  -  April.  196-  are  plotted  in  figure  126.  The 
straight  lines  drawn  through  the  data  points  represent  the  locus  of  points 
for  sour  '“s  in  which  pul  on  i  uin-21(>  and  .Lead-2.10  are  approximately  in  radio¬ 
active  eqn.UJ briiim.  i'hu  data  points  for  samples  which  are  not  yet  in  equili¬ 
brium  should  la  I  I  below  the  lines  ..  Much  of  the  scatter  of  the  points  must 
he  attributed  to  analytical  errors.  The  fact  that  most  points  for  strato¬ 
spheric  samples  fall  above  the  lines  suggest s  that  a  bias,  perhaps  due  to  a 


calibration  error,  exists  in  the  data. 

In  spite  of  their  ‘limitations  the  data  in  Figure  126  do  permit  some 

conclusions  to  he  drawn.  The  mean  values  of  the  lead-210  concentrations  ii> 

the  tropical  stratosphere  (0°  -  30° S)  and  the  polar  stratosphere  (30°  -  60°S) 

are  virtually  the  same:  0.5±0.2  pCi/100  SCM.  The  poloriium-210  concentrations 

also  agree  within  the  standard  deviation.  They  are  0.7±0,2  pCi/100  SCM  in  the 

210  210 

tropical  and  u.oi<'.2  in  the  polar  stratosphere.  The  Po“  /Pb  activity  ratio 
in  samples  collected  in  the  tropical  troposphere  and  in  the  tropical  tropopause 
Layer  is  o,35±0.2.  ibis  is  much  lower  than  the  ratio  found  in  stratospheric 
samples:  .1 .4±0.~  in  the  tropical  and  !.2±0.7  in  the  polar  stratosphere. 

The  mean  dist ri but  ions  of  lead-210  and  polonium-210  in  the  strato¬ 
sphere  of  the  Northern  Hemisphere  during  June  to  September  1961,  before  debrie 
from  the  l.'»o I  Soviet  tests  reached  the  sampling  corridor,  arc  shown  in 
figure  12'  mid  in  Tab  I  of  121  and  125  .  The  data  suggest  that  the  highest 
concent  rat  i  on.-  of  the.-e  nuclides  occur  in  the  tropical  stratosphere  and  in  the 


l.owi ' r  polar 
cunt  rat  i o: 
i  mi::*  ’d  i  at.  e  1  \ 


st  rat  os  pile  re.  Within  the  polar  stratosphere  at  least,  the  coll¬ 
ar 'ear  to  ! i e  higher  in  the  layer.  3  Kilometers  thick,  which  is 
above  the  tropopause  layer,  than  they  are  in  the  higher  stratosphere. 
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Pb*2IO  CONCENTRATIONS  (pCi/100  SCM) 


FIGURE  126.  CONCENTRATIONS  OF  Pb-210  AND  Po-2IO  COL¬ 
LECTED  IN  THE  SOUTHERN  HEMISPHERE  DURING  OCTOBER, 
1961  -  APRIL,  1962 
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TABLE  124.  The  Concentrations  of  Lead-210  (pCi/100  SCM)  iri  tlu  Stratosphere 
June  -  September,  1961 _ 


Sampled  Region 


Ltitude 

(km) 

Eilson 

South 

(~60°N) 

Laughliri 

North 

(~40°N) 

Laughlin 

Orbit 

(so°n) 

Laughlin 

South 

(~20°N) 

llickam 

South 

(~io°n) 

21.3 

- 

0.43+0.33  (3) 

0.98+0.78  (4) 

1.7+1. 4  (2) 

- 

19.8 

0.54  (1) 

0.65+0.21  (6) 

0.54+0.14  (5) 

1.0+0.62  (3) 

0.64+0.22 

(3) 

18.3 

- 

0.46+0.13  (3) 

0.62+0.22  (5) 

- 

0.56+0.11 

(3) 

16.8 

- 

0.64+0.10  (2) 

1.1+0.27  (5) 

- 

- 

15.2 

- 

0.57+0.40  (5) 

- 

- 

1.1  +1.3 

(3) 

The 

deviation  from  the  mean,  and 

in  parentheses 

,  the  number  of 

samples 

represented  by  each  mean  value  follow  it. 


TABLE  125.  The  Concentrations  of  Polonium- 210  (pCi/100  SCM  corrected  to 
plating  date)  in  the  Stratosphere,  June  -  September  1961 _ 

_ Sampled  Region _ 


Altitude 

(km) 

Eielson 

South 

(~60°N) 

Laughlin 

North 

(~40°N) 

Laughlin 

Orbit 

(30°N) 

Laughlin 

South 

(~20°N) 

llickam 

South 

(~10°N) 

21.3 

— 

0.43+0.06 

(5) 

0.60+0.14 

(7) 

0.65+0.05  (3) 

— 

19.8 

0.46(1) 

0.48+0.06 

(9) 

0.57+0.10 

(7) 

0.59+0.21  (6) 

0.80+0.22  (5) 

18.3 

- 

0.62+0.11 

(4) 

0.57+0.10 

(7) 

0.72  (1) 

0.52+0.05  (3) 

16.8 

- 

0.70+0.13 

(4) 

0.68+0.19 

(7) 

- 

- 

15.2 

- 

0.43+0.21 

(5) 

- 

- 

0.35+0.38  (3) 

13.7 

- 

0.21 

(1) 

- 

- 

- 

12.2 

- 

0.05 

(1) 

- 

- 

- 

The  deviation  from  the  mean,  and  in  parentheses,  the  number  of  samples 
represented  by  each  mean  value  follow  it. 
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Perhaps  the  data  presented  in  Figures  126  and  127  are  too  uncentain 

to  support  a  detailed  interpretation.  It  is  interesting,  however  to  compare  our 

70 

results  with  the  predictions  of  Jacobi  and  Andre  who  calculated  the  vertical 
distribution  of  radon-220  and  its  decay  products  in  the  atmosphere  by  means  of 
a  solution  of  the  diffusion  equation  which  permitted  them  to  use  any  vertical 
profile  of  the  turbulent  diffusion  coefficient.  For  the  calculation  of  vertical 
distribution  of  lead-210  and  polonium-210,  they  used  a  profile  of  the  turbulent 
diffusion  coefficient  which  they  believed  to  be  representative  of  normal  tur¬ 
bulence  conditions  throughout  the  troposphere.  They  have  assumed  a  series  of 
tropospheric  residence  times  for  lead-210  varying  from  5  days  to  infinity  and 
have  calculated  a  distribution  for  each.  While  none  of  these  actually  fits  the 
STARDUST  data,  the  best  agreements  result  from  the  use  of  5-  or  20-day  residence 
times.  Longer  residence  times  result  in  predicted  tropospheric  concentrations 
of  lead-210  which  are  much  too  high.  The  predicted  lead-210  concentrations 
obtained  using  a  5-day  tropospheric  residence  time  are  lower  than  the  STARDUST 
results  at  all  altitudes  from  12.2  to  21.3  kilometers,  and  those  obtained  using 
a  20-day  tropospheric  residence  time  are  higher  than  the  STARDUST  results  for 
altitudes  below  18  kilometers  but  agree  with  the  STARDUST  results  at  about  18 
kilometers.  Above  18  kilometers  the  predicted  concentrations  decrease  very 


rapidly  with  altitude,  a  situation  not  confirmed  by  the  STARDUST  measurements. 


•>lo  *>io 

The  predicted  Fo“  /pb"  ratios 


increase  rapidly  with  altitude  above  about 


6.1  kilometers,  approaching  1.0  at  about  15.3  kilometers  in  the  case  of  the 


5-day  tropospheric  residence  time  and  at  about  18.3  kilometers  in  the  case  of 


the  20-day  tropospheric  residence  time. 
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Although  the  STARDUST  measurements  do  not  confirm  the  details  of  the 

ft) 

distributions  calculated  by  Jacobi  and  Andre  ,  they  do  appear  to  show  two 

features  of  those  distributions:  a  decrease  of  lead-210  concentrations  with 

210  210 

altitude  above  the  tropopause  layer,  and  an  increase  of  the  Po  /Pb"  activity 

ratio  to  an  equilibrium  value  of  about  1.0  in  the  stratosphere. 

Results  of  measurements  of  tropospheric  concentrations  of  lead-210 

and  polonium-210  at  65°  and  10°N  during  1962  are  summarized  in  Figure  128  .  At 

65°N  the  concentration  of  lead-210  increased  with  altitude,  and  so  did  the 
210  210 

activity  ratio  Po  /Pb  .  The  apparent  age  of  the  lead-210,  calculated  from 
210  210 

the  Po  /Pb  ratio,  increased  with  altitude  from  about  a  month  at  7  kilometers 
to  well  over  a  year  in  the  lower  polar  stratosphere.  (The  Po“  /Pb  ratios 
are  given  for  the  plating  date,  on  which  the  polonium-210  was  separated  from 
its  parent  lead-210,  as  well  as  for  collection  date  since  errors  in  the  measure- 
ment  of  the  ratio  can  be  increased  further  by  correction  for  polunium-210  growth 
between  the  collection  date  and  plating  date.) 

Few  samples  collected  in  the  troposphere  at  10°N  were  available  for 
measurement,  so  the  data  for  that  latitude  may  not  be  representative  of  the 
normal  conditions.  There  was  little  variation  of  lead-210  concentration  with 
altitude  found  in  the  tropical  troposphere,  and  the  age  of  the  lead-210  appeared 
to  range  between  about  two  weeks  and  ten  weeks. 

11.5  Distribution  of  I.ead-210  and  Polonium-210  STARDUST  Measurements  -  1964-1966 


Lead-210  and  polonium-21.0  measurements  were  made  on  a  group  of  samples 
collected  in  December,  1964  to  check  earlier  estimates  of  the  stratospheric  dis- 

2  jo  21 0 

tribution  of  the  Po“'  /Pb*1  activity  ratio.  To  minimize  the  likelihood  that 
samples  would  contain  interfering  beta  activity,  the  samples  chosen  were  those 
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collected  In  the  tropical  and  southern  polar  stratosphere.  The  results  of  the 
analyses  arc  summarized  in  Table  126  .  Lead-210  results  given  for  samples 
SR -6900,  SR -6901  and  SR-7734  are  based  on  recent  analyses,  but  polonium-210 
results  for  the  first  two  are  based  on  analyses  performed  in  early  1965. 

The  flight  tracks, of  the  sampling  missions  which  collected  these 
lead-polonium  samples  and  the  approximate  location  of  the  tropopause  are  plotted 
in  Figure  129,  together  with  the  lead-210  and  poloninm-210  data. 

The  available  results  indicate  that  the  Po‘  /Pb  activity  ratio 

in  the  upper  troposphere  is  well  below  1.0,  but  that  in  the  lower  stratosphere 

this  ratio  equals  or  even  exceeds  1.0.  The  two  samples  from  18  and  20  kilometers 

210  210 

at  38°-47#S  seem  to  have  Po  /Pb  ratios  below  1.0,  though  admittedly  the 
data  are  of  questionable  reliability. 

Samples  collected  during  the  period  from  December  1965  to  April  1966 
were  again  analyzed  for  lead-210  after  plating  out  the  polonium -2 .10  by  measur¬ 
ing  the  bismuth-210  daughter  growing  in  with  the  purified  lead-210.  When  the 
ratios  of  polonium-210  to  lead-210  were  calculated  a  number  of  anomalous  results 
were  obtained.  Consequently  reanalyses  of  a  number  of  samples  for  lead-210  were 
made  by  allowing  the  polonium-210  daughter  of  the  bismuth-210  to  grow  into  the 
sample.  Then  the  5.3  Mev  alpha  from  polonium-210  was  measured  with  no  inter¬ 
ference  from  traces  of  fission  products. 

The  concentrations  of  lead-210  calculated  from  measurment  of  polonium-210 
and  bismuth-210  are  listed  in  Table  127  in  order  of  latitude.  In  all  the  northern 
stratospheric  samples  the  numbers  derived  from  the  bismuth-210  daughter  are  higher 
than  those  derived  from  polouium-210.  Among  the  tropical  and  southern  samples  the 
lead-210  concentrations  show  a  higher  mean  value  when  derived  from  bismuth -2 10. 

A  similar  bias  is  found  in  Table  122. 
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FIGURE  129.  CONCENTRATIONS  (pCi/IOO  SCM)  OF  LEAD- 210  AND  POLONIUM-210 
(IN  PARENTHESES)  IN  DECEMBER  1964  SAMPLES 


TABLE  126.  Atmospheric  concentrations  December,  1964  Samples  for  Lead-210  and  Polonium-210  and  Strontium- 90 
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1  AH  11,  127 

Sample 

Number 

Co. 

’he  Atmiosplu. 
'rom  Sample.- 

M’ic  Concentrat Lons  of  Lead-210 
Collected  During  December  1965 

and  Polonium-210  as  Deter 
-  April  1966,  and  Their 

•mined 

Ratios 

1.1.  oc. 
Data 

t  loii 

Latitude 

Altitude 

(km) 

Pb210 
by  lli'2-10 

pC  i/1 00  SC-M 
Ty-'Pc/nr- 

Po-1 0  PCI a 
100  SCM 

Po210  b 

Pb2TTT 

SR -7 5 07 

i . 

Dec 

1  9  o5 

.'.•>8r’-55i'lS 

15 

0.57 

0.73 

0.65 

0.9 

SR -750, S 

0 

Dec 

19t>5 

:;8^-55°S 

17 

0.81 

0.59 

0.75 

1.3 

SR-750" 

7 

Dec 

1  '>n5 

1.7° -3 o  S 

.1.0 

0.  61 

( 0. 86)c 

0.42 

(0.5)c 

SR -7 511 

7 

Dec 

1.9 1)5 

17° -3S7S 

18 

0.63 

0.72 

0.70 

1.0 

SR -7 5 12 

8 

Dec 

.1965 

38°-55°S 

18 

0.60 

0.28 

0.32 

1.1 

SR -7 7 35/ 

8 

Dec 

19o5 

3S°-55°S 

IS 

0.30 

- 

0.26 

SR -7  51  3 

8 

Dec 

19 1.5 

38°-51°S 

19 

0.54 

1.2od 

0.33 

SR -7  7  ,'jo/ 

8 

Doc 

.190  5 

3  8° -51°S 

19 

0.33 

- 

0.32 

SR -751 4 

0 

Dec 

1905 

17° -34°S 

19 

0.25 

0.43 

0.33 

0.8 

SR  -77,'j  7/ 

0 

Dec 

1965 

.1  7°-34°S 

19 

0. 65 

- 

0.28 

SR -'7  51 5 

9 

Dec 

1 9o5 

17°-3<>°S 

20 

0.39 

0.22 

0.19 

0.9 

SR-773Sl 

9 

Dec 

1965 

1 7° -3 6°S 

20 

0.40 

- 

0.19 

SR -7  51  S 

21 

Dec 

19o5 

64 1  -55:'N 

12 

0.51 

0.71 

0.71 

1.0 

SR -7 601 

.30 

Jan 

1966 

75°  -62  :’N 

18 

0.53 

0.30 

0.26 

0.9 

SR -7 602 

30 

Jan 

1966 

75°-65°N 

19 

0.61 

0.29 

0.32 

1.1 

SR-7o0S 

a 

I’eb 

.'l.9(,6 

65  50°N 

19 

0.32 

0.28 

0.29 

1.0 

SR -7770 

28 

I'eh 

i960 

02o-50°N 

18 

0.43 

0.27 

0.31 

1.1 

SR -77 7 7 

28 

fob 

1  96o 

65°-50°N 

20 

0.35 

0.22 

0.19 

0.9 

SR -7 7 84 

25 

Apr 

1966 

3  if  -2  3  1 

20 

0.67 

0.62 

0.33 

0.5 

SR-7785 

25 

Apr 

1966 

07°N-;U.°S 

.15 

0.48 

0.58 

0.18 

0.3 

SR-7788 

2o 

Apr 

.1.9  6  o 

30  1 -1.0'  N' 

15 

0.30 

0.44 

0.14 

0.3 

SR -7 7 8b 

2  7 

Apr 

19|)0 

75 "-62°N 

.18 

0.42 

0.33 

0.32 

1.0 

SR -7791 

91 

Apr 

1 96o 

75  *-(>5°N 

19 

0.39 

0.22 

0.22 

1.0 

SR -7792 

27 

Apr 

1  9oo’ 

0  7  N  -11  S 

18 

1.40 

0.26 

0.28 

1.1 

SR-77't'. 

1  ~ 

,pr 

l')i,i. 

0"  X-1..1  S 

20 

0.92 

0,66 

0.71 

1.1 

SR-7794 

Apr 

1  '>0') 

i.2  -55  N 

.18 

0.41 

0.25 

0.07 

0.2 

SR  -7  7't 

Apv 

l'»l,l. 

i,2  -5  v  X 

1  9 

0.38 

0.22 

0.15 

0.7 

d  The  polonium-210  at  tin. 

time  of 

plating  was 

used  unless  the  ratio 

was  less  than 

0.9. 

Ihe  lead- 

-2.10  eoncentrat 

ion  d,vri.7 

ed  from  the  polonium-210  ingrowth 

after  lead  pnrifica- 

t  Lon  was  u.-ed  for  t:l t« •  ratio. 


Iliis  measurement.  is  quest ionahlo  because  of  the  low  chemical  yield  m  the  separation. 

riii.s  measurement  was  rejected  because  of  the  anomalously  high  value  for  the  number 
derived  from  pol on i an, -2 i 0  compared  to  that  from  the  b i smuth-'ilO  in  both  sample  and 
d'.pl  iente. 


'I  hc~e  samples  are  dnpl.  icutes  of  preceding  samples. 
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In  determining  the  ratio  of  polonium-210  to  Lead-210  for  the  1964  to 
1966  samples  the  lead-210  values  derived  from  the  polonium-210  ingrowth  were 
used.  In  first  calculating  the  ratio,  the  polonium-210  concentration  as  measured 
on  the  plating  date  was  used.  If  the  ratio  was  Less  than  1.0  +  0.1  (within  experi¬ 
mental  error,  a  non-equilibrium  value),  the  polonium-210  data  were  corrected  for 
decay  to  the  collection  date  and  the  ratio  recalculated. 

Accepting  the  lead-210  concentrations  derived  from  polonium-210  measure¬ 
ments,  it  may  be  concluded  that  the  lead-210  concentrations  in  the  J8-  to  20 -km 
layer  of  the  polar  stratosphere  are  within  the  range  0.2  to  0 . .'15  pCi/100  SCM, 
while  concentrations  in  excess  of  0.4  pCi/100  SCM  are  typical  of  the  15  to  20  km 
layer  of  the  tropical  stratosphere.  These  results  for  samples  collected  during 
1966  are  in  reasonable  agreement  with  results  for  samples  collected  between 
October  1957  and  July  1959  (see  Figure  124).  Of  the  ten  samples  collected  in 
the  polar  stratosphere,  eight  have  Po  /Pb“  ratios  between  0.8  and  i.i,  indi¬ 
cating  a  mean  stratospheric  residence  time  of  one  to  two  years  for  the  lead-210. 

The  two  samples  collected  in  the  tropical  atmosphere  at  15  km,  near  the  tropo- 
pause  level,  have  ratios  of  about  0.3,  suggesting  that  the  lead -2 10  encountered 
there  had  an  atmospheric  residence  time  of  about  two  months.  Of  the  three 
tropical  samples  collected  between  18  and  20  km,  however,  two  hail  ratios  of  1.1, 
suggesting  a  mean  stratospheric  residence  time  in  excess  of  a  year. 

The  lead-210  concentrations  in  the  samples  taken  in  the  southern 
stratosphere  during  early  December  also  agree  with  the  1957  to  1959  concentrations. 
A  vertical  profile  at  17°  to  38° S  showed  a  decreasing  concentration  from  .just: 
above  the  tropopause  to  20  kilometers  changing  from  approximately  0.9  to  0.2 
pCi/100  SCM.  A  similar  gradient  existed  at  38*  tu  55°S  from  L5.2  to  18.3  kilo¬ 
meters  decreasing  in  lead -2 10  concentration  from  0.73  to  0.28  pCi/100  SCM. 
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Thu  poJonium-210  to  lead -2 .1.0  ratios  L'or  al.L  samples  save  one  Indicate 
tlfat  the  stratospheric*  residence  time  L'or  the  lead-210  between  latitudes  oi'  17° 
and  55°  S  exceeds  one  year. 

Table-  127  also  shows  the  four  determinations  of  Lead-210  concentra¬ 
tions  derived  from  b.ismuth-210  measurements  done  in  duplicate.  These  numbers 
clearly  indicate  the  poor  reproducibility  which  led  to  the  decision  to  use 
Lead-2.1.0  concent  rations  derived  from  poJonium-210  measurements.  The  reproduci¬ 
bility  of  the  po.Loni.um-2.10  measured  at  the  time  of  plating  does,  however,  show 


sat  i  s  factory  prec i  s  i  on. 

Additional  data  on  measurements  of  lead-210  and  polonium-210  from  air 
particulates  sampled  during  1965  and  1966  are  given  in  Table  128  .  The  lead-210 
concentrations  in  the  table  which  are  not  marked  with  an  asterisk  were  derived 
from  bismuth -210  measurements.  Although  these  concentration  measurements  are 
suspect  because  of  the  poor  reproducibility , the  ratios  derived  from  them  appear 
fairly  consistent.  The  northern  tropospheric  values  show  ratios  of  about  0.3 
indicating  a  residence  time  at  between  4.6  and  7.6  km  of  about  two  months. 
Stratospheric  samples  at  all  latitudes  show  ratios  of  0,8  or  greater  indicating 
residence  tines  of  one  year  or  more.  One  sample  at  12.2  km  and  30DN  shows  a 
ratio  of  which  would  appear  anomalous. 

72 

I  n  a  recent  report,  feoly  and  Seitz  "  show  from  experiments  with  a 
simplified  numerical  model  of  atmospheric  transport  that  the  observed  distri¬ 
bution  of  .Load-2  1.0  in  the  stratosphere  could  result  from  an  equilibrium  between 
eddy  diffusion  and  particle  settling.  They  also  observed  a  seasonal  effect  on 
load-JJ1'  concent  rat i mis  in  the  layer  above  the  tropopause.  Coneentrat ions  de¬ 
creased  during  the  winter  of  L964-I'»65  and  increased  during  the  summer  of  1965. 
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Finally,  remeasurement  of  air  particulates  collected  during  1963  which  had 
anomalously  high  concentrations  of  lead-210  confirmed  that  the  vaJues  wore 
in  error.  The  results  suggest  that  little  or  none  of  the  lead-210  in 
stratospheric  air  particulates  can  be  attributed  to  bomb  tests. 
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TABLE  128.  Results  of  measurements  of  load-210  and  initial  polonium-210 
in  samples  collected  during  December  1065  -  April  1966 _ 


Sample 

Number 

Collect  ion 
Bci  to 

Lat  i  tude 

Altitude 

(km) 

Po21°  pCi/lOOSCM 
Plating  Bate 

Pb210pCi 
100  SCM 

Po210 

PbZIU 

SR- 7 52 5 

.1 

Bee 

o5 

70  ON 

4.6 

0.21 

0.43 

0.3 

SR-7526 

1 

Doc 

65 

70°N 

7.6 

0.18 

0.34 

0.4 

SR- 7 50 7 

6 

Dec 

65 

38°-55°S 

15.2 

0.65 

0.73* 

0.9 

SR- 7 508 

0 

Dec 

05 

38°-55°S 

16.8 

0.75 

0 . 59* 

1.3 

SR- 7 500 

7 

Bee 

65 

17°-36°S 

16.2 

0.47 

(0.86)* 

0.5 

SK-75.il 

7 

Dee 

65 

17°-38°S 

17.7 

0.70 

0 . 72* 

1.0 

SR- 7 51 2 

8 

Dec 

o5 

38°-55°S 

18.3 

0.32 

0.28* 

1.1 

SR- 77s 5 f 

8 

Bee 

65 

38°-55°S 

18.3 

0.26 

0.30 

0.9 

SR- 7 513 

8 

Bee 

65 

38°-51°S 

18.6 

0.33 

1.26* 

SR-7736 

8 

Bee 

65 

38°-5.L°S 

18.6 

0.32 

0.33 

1.0 

SR- 7 514 

<) 

Bee 

65 

17°-34°S 

iy.2 

0.33 

0.43* 

0.8 

SR-  7  73  7  f 

y 

Bee 

65 

17°-34°S 

iy.2 

0.28 

0.65 

0.4 

SR- 7 5 15 

y 

Bee 

65 

17°-36°S 

20.1 

0.19 

0.22* 

0.9 

SR-7738 1 

y 

Bee 

65 

17°-36°S 

20.1 

0.19 

0.40 

0.2 

SR- 7527 

13 

Bee 

65 

30°N 

4.6 

0.15 

0.32 

0.3 

SR- 7 528 

i  •» 

U.*J 

Bee 

65 

30°N 

7.6 

0.23 

0.47 

0.3 

SR-752P 

13 

Bee 

65 

30  ON 

12.2 

0.24 

0.47 

0.3 

SR- 751b 

20 

Bee 

05 

47°-41°N 

ii.  y 

0.46 

0.31 

1.5 

SR- 7 518 

21 

Doe 

65 

64°-55°N 

ii.  y 

0.71 

0.71* 

1.0 

SR- 7 5 10 

21 

Bee 

65 

64°-55°N 

13.1 

0.42 

0.42 

1.0 

SR- 7521 

22 

Dec 

65 

55°-48°N 

n.  y 

0.59 

0.66 

0.9 

SR- 7 522 

22 

Dee 

65 

55°-48°N 

13.1 

0.71 

0.40 

1.8 

SR- 7523 

23 

Bee 

65 

41°-35°N 

13.1 

0.49 

0.49 

1.0 

SR- 7  524 

24 

Bee 

65 

41°-35°N 

ii.  y 

0.42 

0.51 

0.8 

SR-7b0.L 

1 

Jan 

66 

75°-62°N 

18.3 

0.26 

0.30* 

0.9 

SR-7002 

30 

Jan 

06 

75°-65°N 

is.  y 

0.32 

0.29* 

1.1 

SR- 7 60 3 

31 

Jan 

6o 

33°-23°N 

iy.3 

0.50 

0.49 

1.0 

SR-7b04 

1 

Fob 

bO 

75°-b4°N 

15.2 

0.61 

0.44 

1.4 

SR-7b05 

1 

Fob 

bb 

75°-64°N 

16.8 

0.48 

0.51 

0.9 

SR- 7  60 1) 

1 

Feb 

6  b 

50 o-3 3 °N 

19 . 6 

0.60 

0.45 

1.3 

SR-7o07 

1 

Feb 

66 

23°-oy°N 

20.0 

0.81 

0.85 

0.9 

SR-7b08 

2 

Feb 

6  b 

05 o-50 °N 

18.8 

0.29 

0.28* 

1.0 

SR-777U 

28 

Feb 

bb 

b2°-50°N 

18.3 

0.31 

0.27* 

1.1 

SR-7777 

28 

Feb 

bb 

65o-50°N 

19.7 

0.19 

0.22* 

0.9 

SR-777'1 

24  Apr 

bb 

b4°-4y°N 

16.8 

0.48 

0.57 

0.8 

SR-7778 

24  Apr 

bb 

49°-37°N 

lo.  8 

0.35 

0.41 

0.8 

*  Measurement  derived  from  polou i.utn-210  ingrowth  aftor  load  purification, 
otlior  load-210  concont  rat  ions  nro  derived  from  Bismuth- 210  ingrowth. 

t  DnpJicate  of  immediately  preceding  sample. 
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TABLE  128  (continued) . 


Sample 

Number 

Collection 

Date 

Latitude 

Altitude 

(km) 

2  |  o 

Po  pCi/1 00 SCM 

Platini;  Date 

Pb2‘Vi 

100SCM 

Po21° 

Pl^TD- 

SR-7781 

25 

Apr 

66 

50°-37°N 

18.3 

0.40 

0.49 

0.8 

SR-7782 

25 

Apr 

66 

50°-37°N 

19.5 

- 

0.44 

- 

SR- 7 783 

25 

Apr 

66 

36°-23°N 

18.3 

0.45 

0.47 

1.0 

SR-7784 

25 

Apr 

66 

36°-23°N 

19.8 

0.40 

0 .  o2* 

0.5 

SR- 7 78 5 

25 

Apr 

66 

07°N-11°S 

15.2 

0.24 

0.58* 

0.3 

SR-7786 

26 

Apr 

66 

75°-64°N 

15.2 

0.34 

0.34 

1.0 

SR- 7 788 

26 

Apr 

66 

30°-09°N 

15.2 

0.16 

0.44* 

0.3 

SR- 7 789 

27 

Apr 

66 

75°-62°N 

18.3 

0.32 

0.29* 

1.1 

SR-7791 

27 

Apr 

66 

75°-65°N 

19.1 

0.22 

0.22* 

1.0 

SR- 7 792 

27 

Apr 

66 

07°-U°S 

18.3 

0.28 

0.26* 

1.1 

SR-7793 

27 

Apr 

66 

09°N-11°S 

19.6 

0.71 

0.66* 

1.1 

SR-7794 

28 

Apr 

66 

62°-55°N 

18.3 

0.13 

0.35* 

0.2 

SR-7795 

28 

Apr 

66 

62°-56°N 

19.2 

0.16 

0.22* 

0.7 

*  Measurement  derived  from  polonium-210  ingrowth  after  lead  purification, 
other  lead-210  concentrations  derived  from  bisinuth-210  ingrowth. 
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CHAPTER  12.  STRATOSPHERIC  METEOROLOGICAL  PROCESSES,  MODELS 
AND  DATA  FROM  PROJECT  STARDUST 

12.3  Introduct  Lon 

In  the  early  days  of  fallout  studies  it  was  the  hope  of  some  workers 
in  the  field  that  observations  of  tracer  distributions  in  space  at  vai'ious  times 
would  permit  the  proper  inference  of  atmospheric  motions,  particularly  in  the 
stratosphere.  It  is  not  surprising  that  this  hope  was  not  largely  realized. 

In  few,  if  any,  cases  have  tracer  observations  led  to  unqualified  conclusions 
concerning  atmospheric  motions  on  virtually  any  scale  from  inesoscale  to  global. 
Rather,  it  has  been  the  direct  observation  of  meteorological  variables  that 
have  contributed  to  firm  knowledge  of  atmospheric  behavior.  Important  roles 
of  tracer  observations  have  been  generally  to  verify  the  conclusions  drawn 
from  meteorological  observations  and  to  guide  the  construction  of  models  for 
estimating  the  behavior  of  global  scale  radioactive  fallout. 

In  some  notable  cases,  particularly  as  exemplified  by  the  scholarly 
papers  of  R.  E.  Newell  of  the  M.l.T.  Planetary  Circulations  Project  there 
have  been  fruitful  correlations  of  knowledge  of  meteorological  data  and  informa¬ 
tion  concerning  trace  material  distributions.  In  such  studies  categorical 
statements  of  the  relative  roles  of  tracers  and  meteox'ological  data  are  relative¬ 
ly  meaningless.  It  is  the  concomitant  analysis  of  both  that  have,  lead  to 
increased  understanding.  Newell's  contributions  will  be  further  discussed  later 
in  the  chapter. 

No  sooner  was  the  quest  begun  than  the  community  of  global  fallout 
investigators  fell  into  two  camps  -  those  favoring  eddy  diffusion  and 4 those 
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favoring  mean  meridional  circulations  as  the  predominant  means  of  transport  of 

19 

trace  material  in  the  stratosphere.  The  findings  ol.  1'eely  and  Spar  using 

185 

HASP  data  for  the  stratospheric  distributions  of  W  were  the  first  to  suggest 

that  transport  by  eddy  diffusion  prevailed  over  transport  by  mean  meridional 

motions.  Since  that  time  numerous  investigations  (not  to  be  detailed  here) 

led  to  conclusions  that  although  eddy  diffusion  is  important,  the  effects  of 

mean  meridional  circulations  could  be  discerned  or  at  least  their  existence 

could  not  be  ruled  out.  The  degree  of  importance  accorded  mean-motion  trans- 

80 

port  varied  with  the  investigator.  The  STARDUST  mode]  (see  also  Chapter  13) 

81 

and  its  successor,  the  STREAK  model  (with  seasonally  varying  diffusion 
parameters)  used  eddy  diffusion  with  no  mean  motions  in  the  meridional  plane 
to  represent  the  behaviour  of  tracers  injected  into  the  stratosphere.  Other 
models  *  added  mean  circulations  to  the  same  basic  formalism  as  the  STARDUST 
and  STREAK  models.  Though  details  of  the  model  results  differ,  they  all  have  a 
general  resemblance  to  observed  tracer  distributions  and  fallout  behavior. 

These,  however,  are  model  results  which  may  not  be  realistic  because  of  the 
nature  of  the  formalism  of  the  models.  Thus  the  question  of  the  relative  im¬ 
portance  of  mean  motions  in  transporting  trace  materials  in  the  stratosphere 
has  not  been  answered  definitively  by  the  two-dimensional  models  of  eddy  diffu¬ 
sion  and  advection  by  mean  motions.  The  formalism  of  these  models  will  be  dis¬ 
cussed  later  in  the  chapter. 

One  of  the  most  cogent  contributions  to  understanding  the  relationships 

between  transport  by  eddy  diffusion  and  transport  by  mean  circulations  is  that 
„  84,85 

of  Manabe  and  Hunt  who  used  a  stratospheric  general  circulation  model  in 

three  dimensions.  In  these  studies  the  motions  of  the  atmosphere  were  simulated 
by  an  18-level  (vertical)  global  network  of  points,  for  each  of  which  the  time- 
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dependent  equation  of  motion  was  solved  in  finite  difference  form.  The  forcing 
terms  of  solar  radiation  and  radiation  transfer  were  included  in  the  equations. 
The  eddy  and  mean  motions  were  presumed  to  be  generated  in  a  "realistic”  fashion 
though  some  differences  in  the  detailed  features  of  the  stratospheric  circula¬ 
tions  between  the  computed  and  observed  quantities  were  noted.  These,  however, 
were  not  thought  to  have  serious  implications  with  regard  to  the  main  features 
of  the  dynamics  generated  by  the  model.  Manabe  and’  Hunt's  model  produced 
distributions  of  tracer  materials  which  were  the  results  of  complex,  inter¬ 
related,  mean  circulations  and  eddy  diffusion.  Generally  it  was  found  that 
the  relationship  between  the  transport  by  eddy  diffusion  and  transport  by  mean 
motions  over  a  given  time  period  depends  upon  the  initial  distribution  of 
tracer,  the  duration  of  the  time  period,  and  the  time  since  the  initial  injec¬ 
tion.  Also,  it  was  pointed  out  by  Manabe  and  Hunt  that  significant  fluctuations 
in  tracer  concentration  distributions  in  their  model  and  in  the  real  atmosphere 
are  caused  by  synoptic  scale  features  of  the  general  circulation.  They  state 
that  "it  is  obviously  important  to  consider  the  atmosphere  in  terms  of  troughs 
and  ridges,  as  well  as  eddies  and  mean  meridional  circulations,  which  is  the 
current  fashion". 

In  this  chapter,  after  brief  presentation  of  some  concepts  in  strato¬ 
spheric  general  circulations  and  two-dimensional  representations  of  turbulent 
diffusion,  consideration  will  be  given  to  the  significance  of  STARDUST  data  in 
relation  to  meteorology.  Finally,  a  discussion  will  be  given  of  some  of  the 
findings  of  other  investigators  in  the  light  of  the  notions  and  concepts  dis¬ 
cussed  in  this  chapter. 
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12.2  Stratospheric  Transport  and  General  Circulations 

This  discussion  will  be  concerned  mainly  with  developing  notation  and 

concepts  of  the  motions  of  stratospheric  air  so  that  the  relationships  of  the 

quantities  to  similar  quantities  in  the  models  of  eddy  diffusion  can  be  readily 

discerned.  It  is  not  intended  to  treat  here  the  complete  details  of  the 

8  0 

stratospheric  general  circulation.  The  reader  is  referred  to  Newell  for  a 
short  review  of  the  topic. 

12.2.1  General  Circulation 

The  atmospheric  motions  in  the  stratosphere  are  primarily  zonal 

with  there  being  a  quasi-biennial  oscillation  between  generally  easterly  and 

generally  westerly  in  the  tropics.  In  high  latitudes  the  oscillation  between 

easterlies  and  westerlies  has  an  annual  period  with  the  westerlies  generally 

87 

in  the  winter  hemisphere.  Belmont  and  Dartt  have  noted  and  discussed 

interference  effects  of  annual  and  biennial  waves  on  the  zonal  wind  patterns 

86 

in  the  tropics  and  subtropics.  Newell  points  out  from  consideration  of 
energetics  that  the  general  circulation  in  the  lower  stratosphere  is  driven  by 
the  tropospheric  motions. 

A  suitably  time-averaged  velocity  vector  at  a  given  point  in  the  strato 
sphere  will  have  a  primarily  zonal  direction  with  generally  relatively  small  com¬ 
ponents  in  the  meridional  and  vertical  dii'ection.  At  high  latitudes  the 
meridional  component  of  velocity  can  be  considerably  larger  than  in  the  tropics, 
though  still  relatively  smaller  than  the  zonal  component. 

Denoting  the  three  respective  velocity  components,  zonal,  meridional 
and  vertical,  by  u,  v  and  w: 

u  >  v 

u  »  w 
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where  the  bar  denotes  time  averages  of  the  quantity.  The  positive  directions 
are  respectively  eastward,  northward  and  upward. 

The  custom  in  analysis  of  general  circulations  is  to  resolve  instan¬ 
taneous  values  of  quantities  of  interest,  (eg.  velocity,  temperature,  concentration  ) 
into  average  and  instantaneous  deviation  components  as  in: 

velocity:  v  =  v  +  v' 

temperature:  T  =  T  +  T' 

concentration:  q  -  q  +  q' 

The  primed  quantities  represent  the  instantaneous  departures  of  the  quantities 
from  their  time  averaged  values. 

12.2.2  Stratospheric  Transport 

The  northward  transport  of  a  quantity,  q,  at  a  given  instant  past 
a  fixed  point  per  unit  area  and  unit  time  (i.e.,  the  instantaneous  flux  of  q  ), 
is  given  by 

qv  =  qv  +  qv'  +  q'v  +  q'v' 

The  time  average  of  this  transport  is 

qv  -  qv  +  qTv'  .  (l) 

Similar  expressions  pertain  for  eastward  and  upward  transports  of  q  with 
u's  and  w's  instead  of  v's.  In  equation  (l)  the  first  term  on  the  right  is 
the  transport  from  mean  motions  in  the  northward  direction,  and  the  second  term 
is  the  transport  due  to  non-steady  or  transient  eddy  processes. 

In  considering  globai-scale  motions  it  is  frequently  of  interest  to 
consider  transports  across  entire  latitude  circles  at  a  given  height.  Also, 
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as  in  the  consideration  of  STARDUST  data  it  is  of  interest  to  represent  the 
quantities  as  zonal  averages,  i.e.,  quantities  averaged  over  all  longitudes 

at  a  given  latitude. 

Denoting  the  zonal  average  of  a  quantity  by  square  brackets,  the 
zonal  average  northward  transport  from  equation  (l)  is: 

[qv]  =  Cqv]  +[  qV] 

The  time-averaged  quantity  at  a  given  point  may  be  expressed  as 
the  sum  of  the  zonal  average  for  the  latitude  of  the  point  and  a  deviation 
from  the  zonal  average: 

q  =  Cq]  +  q  * 

V  =  [v]  +  V  * 

where  the  quantities  denoted  by  asterisks  are  the  deviations  from  the  zonal 
averages.  Note  that  all  quantities  in  this  decomposition  are  time  averaged. 
From  the  above 

C  qv]  =  [  q]  [  v]  +  [  q*v*]  , 
and  from  equation  (l); 

[qv]  =  [  q]  [  v]  +  [  q*  +  V*]  +  [  qV]  . 

It  is  thus  seen  that  time-averaged  transports  further  averaged 
around  a  latitude  circle  have  three  components: 

[  q]  [  v]  ;  the  transport  due  to  mean  motions 

[  q'v']  ;  the  transport  due  to  transient  eddies 

[  q*v*]  ;  the  transport  due  to  standing  eddies. 
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The  standing  eddy  terns  arise  from  the  presence  of  some  systematic 
relationship  which  may  exist  between  q  and  v  in  various  regions  around  the 
latitude  circle.  It  should  be  noted  that  the  relative  values  of  /ill  three 
terms  may  change  with  changes  in  the  time-averaging  interval.  The  Planetary 
Circulations  Project  at  M.I.T.  has  used  the  zonal  average  transport  formula¬ 
tion  of  equation  (2)  to  analyze  stratospheric  motions  and  transport  properties. 
Observations  of  wind  and  temperature  by  balloon-sondes  at  more  than  200  stations 

over  the  globe  have  provided  data  for  computations  of  transports  of  heat,  en- 

88  89 

ergy  and  momentum.  From  these,  the  energetics  and  mean  motions  in  the 

stratosphere  have  been  computed. 

89 

Vincent  has  calculated  the  velocities  associated  with  mean 

meridional  circulations  by  applying  the  zonal  averaging  procedure  simultaneously 

to  the  thermodynamic  equation,  the  zonal  momentum  equation  and  thu  equation  of 

continuity.  Figure  130  and  Tables  129  and  130  are  reproduced  from  Vincent's 
89 

paper  to  show  the  nature  of  the  meridional  flow  patterns  and  the  magnitudes 
of  the  vertical  and  meridional  velocities. 

12.2.3  Ozone  Transport 

In  order  to  apply  the  techniques  of  such  analyses  to  tracer  trans¬ 
ports  it  is  necessary  to  have  simultaneous  measurements  of  the  winds  and  the 

90,91 

tracer  concentrations.  Newell  has  provided  some  crude  hemispheric  analy¬ 

ses  of  ozone  transport  by  assuming  that  the  ozone  concentrations  in  the  lower 
stratosphere  were  proportional  to  the  total  ozone  in  a  vertical  column.  (The 
latter  is  the  quantity  measured  by  a  Dobson  spectrophotometer.)  Newell  found 
that  generally  ozone  is  transported  northward  in  the  lower  stratosphere  by  large- 
scale  standing  and  transient  eddies.  More  detailed  documentation  of  the 
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FIGURE  130.  Flow  patterns  for  mean  meridional  circulations 
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northward  transport  of  ozone  by  transient  eddies  at  mid-latitudes  was  provided 
22 

by  He  ring  wlio  analyzed  individual  ozonesondes  over  a  two  year  period.  Ilering 
also  found  that  almost  all  of  the  transport  occurred  below  an  altitude  of  18  km. 
Both  Newel J  and  Ilering  found  that  the  maximum  transport  occurs  in  the  spring 
season.  The  reason  for  the  seasonal  dependency  of  ozone  transport  is  given  by 
Neweil  as  being  the  seasonal  variation  in  the  supply  of  energy  from  the  tropo¬ 
sphere  into  the  lower  stratosphere.  Such  variations  in  energy  transport  are 
discernible  in  the  meteorological  data  analyzed  by  the  M.I.T*  group. 

So  far  ozone  is  the  only  trace  material  whose  transports  have  been 
studied  in  the  stratosphere.  With  regard  to  equation  (2)  it  can  be  said  that 
(with  q  =  ozone  mixing  ratio)  for  ozone,  the  second  and  third  terms  contribute 
significantly  to  the  total  transport.  The  magnitude  of  the  mean  circulation 
transport  term,  [  q]  [  v]  ,  is  uncertain  because  (a)  of  uncertainties  in  the 
determinations  of  the  other  terms,  and  (b)  the  uncertainty  in  the  computation 

of  [  q]  from  the  existing  data.  Presumably  the  values  of  [  v]  and  £  w] 

•12 

are  now  quite  reliable,  at  least  in  low  latitudes  in  the  lower  stratosphere. 
For  high  latitudes  there  is  still  considerable  error  associated  with  the  means. 

12.2.4  Radioactivity  and  Stratospheric  Transport 

The  observations  of  radioactive  trace  substances,  natural  and 
man-made,  in  the  stratosphere  have  not  been  carried  out  in  a  manner  to  permit 
the  determination  of  representative  zonal  averages  of  the  various  transports 
in  equation  (2).  (It  should  be  understood  that  there  is  an  equation  similar 
to  (2)  with  w’s  instead  of  v’s  applicable  to  vertical  transports  and  that 
what  is  said  here  about  equation  (2)  also  applies  to  vertical  transports.) 
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The  facts  that: 

a)  no  fresh  debris  from  the  late  October  1958  USSR  nuclear  test  explosions 
was  intercepted  in  HASP, 

b)  debris  from  the  December  1962  USSR  test  explosions  was  not  detected  in 
the  STARDUST  sampling  corridor  until  March  1963, 

certainly  seem  to  bear  out  the  contention  that,  in  general ,  the  concentrations 

determined  in  these  sampling  programs  are  not  necessarily  equivalent  to  zonally 

averaged  concentrations.  In  the  two  cases  listed  above,  the  existence  of  the 

quasi-stationary  Aleutian  anticyclone  in  the  stratosphere  most  likely  was 

responsible  for  maintaining  zonal  gradients  in  the  radioactive  concentrations. 

The  transports  associated  with  such  a  feature  are  by  those  from  standing 

eddies. 

The  longer  debris  remains  in  the  stratosphere  the  less  the  concentra¬ 
tion  gradients  become  and  thus  the  less  the  transport  by  eddies.  However, 
stratosphere- troposphere  interchange  and  tropospheric  removal  processes  combine 
to  maintain  gradients  continually. 

The  data  in  Table  37  illustrate  that  relatively  large  vertical  gradi¬ 
ents  existed  at  high  latitudes  six  months  after  injections  in  that  region. 

Indeed  throughout  the  STARDUST  and  HASP  programs  vertical  gradients  were  always 
found  near  the  tropopause  and  horizontal  gradients  were  found  in  the  vicinity  of 
the  tropopause  gaps.  There  is  thus  virtually  no  possibility  of  a  situation 
occurring  where  the  sole  transport  is  by  mean  motions. 

12.3  Stratospheric  Turbulent  Diffusion 

This  section  will  present  some  concepts  and  formulism  related  to  the 
theories  of  turbulence  and  turbulent  diffusion.  The  relationship  between  these 
and  the  two  dimensional  models  of  turbulent  diffusion  in  the  stratosphere  will 
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y  w 

be  pointod  out.  Thu  approach  adopted  here  follows  that  given  by  Hiuze 

The  instantaneous  rate  of  change  of  concentration  of  a  material  at  any 
point  in  an  incompressible  fluid  is; 


where; 


3c  dc _ 3_  /.  3c  1 

at  11  i  3X.  3X.  \u  3Xj 


concentration  of  material  (ML  ) 

component  of  velocity  in  the  i*'1  direction.  In  this 
type  of  notation  the  index  i  denotes  the  following: 

i  -  1  :  X  -  direction  (zonal) 

i  -  2  :  Y  -  direction  (meridional) 

i  -  3  :  Z  -  direction  (vertical) 

coordinate  in  the  i1'1  direction 


F  -  sum  of  sources  and  sinks  of  the  material  (ML^t-1) 
o 

2  —1 

D  -  molecular  transport  (diffusion)  coefficient  (L  t-  ) 

(taken  here  to  be  constant). 

(In  the  above  list  the  units  of  some  of  the  quantities  are  shown  iri  general 
terms  where  Mi,  L,  t  stand  respectively  for  mass,  length  and  time.) 

In  this  notation  the  Einstein  summation  convention  is  to  be  observed. 
Tin's  means  that:  any  term  in  which  an  index  is  repeated  [e. g.,  u.  and 

I  1  3Xi 

really  stands  for  the  summation  over  all  three  values  of  the 

i ndex . 


real.lv  stands  for  the  summation  over  all  three  values  of  the 


Equation  (o)  is  tick's  equation  which  describes  the  processes  of 
molecular  diffusion  and  adveetion  in  a  non- turbulent  fluid.  A  similar  equation 


584 


ISOTOPES 

A  Tele dyne  Company 


applies  for  the  diffusion  and:. convection  of  heat  by  molecular  motions.  In  this 
case  the  molecular  transport  coefficient  becomes: 

k  = 


where  X  =  heat  conductivity  of  the  fluid 
p  =  density  of  the  fluid 

Cp  =  heat  capacity  at  constant  pressure  of  the  fluid 


In  the  presence  of  turbulence,  additional  fluctuations  in  concentra¬ 
tions  and  velocities  will  occur. 

To  deal  with  this  situation  it  is  hypothesized  that  the  velocities 
and  transported  quantities  fluctuate  randomly  about  respective  mean  values. 

This  is  an  hypothetical  statistical  model.  The  mean  values  of  the  quantities 
are  ensemble  averages,  i.e.,  values  that  would  be  observed  upon  averaging  the 
results  over  all  possible  realizations  of  an  experiment  designed  to  produce  dis¬ 
tributions  of  the  observable  quantities.  The  decompositions 

c  =  c  +  c* 


u. 

1 


(4) 


represent  the  instantaneous  values  of  concentration  and  velocity  components 
as  means  (ensemble  averages)  plus  deviations  from  the  means  (primed  quantities). 
In  practice,  the  ensemble  averages  cannot  be  obtained,  so  they  are  approximated 
as  time  averages  in  the  following  manner: 


.T 


c(t)  =  -|J  c(t  +  t)  dt 

(5) 

T 

Ui(t)  =  TjiJ  u.(t  +  t)  dT 

wo 

(6) 
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The  interval,  T  ,  is  supposed  to  be  large  compared  with  the  time  scale  of  the 
turbulent  motions.  The  time  variations  of  the  means  are  supposed  to  be  signifi¬ 
cant  over  times  large  compared  to  the  time  scale  of  the  turbulent  motions.  This 
last  statement  is  equivalent  to  assuming  that  the  spectrum  of  frequencies  char¬ 
acterizing  all  motions  has  a  gap  separating  the  portion  characterizing  mean 
motions  from  that  characterizing  turbulent  motions.  In  effect,  these  assump¬ 
tions  permit  the  time-averaged  quantity  c  to  have  a  time  derivative.  Thus 
by  substituting  the  relationships  (4)  for  the  instantaneous  quantities  in 
equation  (3)  and  then  averaging  over  the  interval  T  ,  the  left  hand  side  be¬ 
comes 


3c  ,  -  3c  ,  '  3c ' 

3t  ui  3X.  ui  3X. 

l  i 


3c  ,  -  3c  ,  3  . r 

+  u.  -rr;  +  u!  c' 
3t  i  3X.  3X.  i 


since 


f 


0  for  an  incompressible  fluid. 


Upon  averaging  the  right  hand  side  and  after  some  rearranging 
equation  (3)  now  becomes: 


i£  +  n  ^  -i. 

at  ui  ax.  ax. 


d 

Dax. 


(7) 


It  is  at  this  point  that,  following  Boussinesq,  the  eddy  diffusion  coefficient, 
,  is  formally  Introduced  by  placing 


-  uTcT 


-  r  dc 
c  3X  . 


(8) 


Thus  the  eddy  transport  term,  ujc'  ,  in  equation  (7)  is  replaced  by  a  term 
which  is  analogous  to  transport  by  molecular  diffusion. 
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It  can  be  seen  from  the  form  of  equation  (8)  that  K,  can  be  either 

a  scalar  or,  more  generally,  a  second  order  tensor.  If  the  latter  is  considered, 
then: 


-  u7Tr  =  K.  .  |£ 

1  (9) 

(bearing  in  mind  that  the  right  hand  side  must  be  summed  over  the  three  values 
of  j  ). 

In  the  turbulent  atmosphere  the  eddy  transport  terms  are  considered 
to  be  vastly  larger  than  those  of  molecular  diffusion.  Thus 


»  6ij  0, 


6ij  = 


1  for  i 
0  for  i 


=  j 

*  5 


With  this  knowledge  and  using  the  mixing  ratio  of  the 


material  given  by 


q  =  c/p 


where  p  =  density  of  the  fluid  (ML'3),  equation  (7)  can  be  written: 

»$*div(tf,)+^(pKlJ£)  +  ; 

where 


(10) 


V/  -  velocity  vector  of  the  fluid 


This  equation  coupled  with  the  equation  of  continuity  of  the  fluid, 
div  (pV/)  =0  , 

(if  the  fluid  is  incompressible)  suffices  to  define  the  distribution  of 
mixing  ratio  of  any  inert  substance  imbedded  in  the  fluid.  Appropriate 
initial  and  boundary  conditions  must  be  specified.  Equations  (10)  and  (11) 
are  essentially  the  ones  solved,  in  their  two-dimensional  forms,  in  the 


(11) 
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various  models  of  transport  by  turbulent  diffusion  and  advection  in  the  strato¬ 
sphere  (see  Chapter  13).  In  principle,  the  velocity  vector  can  be  measured  at 
every  point.  This  leaves  only  the  problem  of  determining  the  proper  values  of 
K„  to  be  used.  This  is  the  crux  of  the  whole  problem  of  using  the  so-called 
K- theory. 


Again,  in  principle,  the  quantity  represented  by  the  left  hand  side 
of  equation  (9)  and  the  gradients  of  concentration  are  observable.  So  the 
values  of  K„  could  be  determined  if  a  proper  set  of  simultaneous  observa¬ 
tions  of  concentration  and  velocity  averaged  over  the  appropriate  time  interval 
and  over  a  suitably  small  space  increment  in  the  domain  of  interest  were  avail¬ 
able. 


Equations  similar  to  (9)  can  be  written  for  turbulent  transports  of 
momentum  components,  heat,  and  kinetic  energy,  each  with  their  own  coefficient 
of  eddy  diffusion  similar  to  K„  .  The  coefficients  are  theoretically  differ¬ 
ent  because  of  the  different  manner  in  which  each  quantity  exchanges  its  proper¬ 
ties  with  the  surrounding  medium.  There  is  an  extensive  body  of  literature  on 
various  types  of  so-called  mixing- length  hypotheses  which  have  been  made  in 
attempts  to  gain  further  insight  .into  eddy-transport  processes.  In  their  present- 
application  to  the  atmosphere,  these  hypotheses  result  in  the  introduction  of 
certain  time  and  length  scales  which  serve  as  parameters  in  place  of  the  K's. 

The  time  scales  have  relevance  in  defining  the  lower  limits  for  the  averaging 

interval,  T  ,  in  equations  (5)  and  (6).  These  considerations  will  not  be 

93 

pursued  further  here.  The  interested  reader  is  referred  to  llinze  or  other 
texts  on  turbulence.  For  the  purposes  of  the  present  discussion  it  is  sufficient 
to  note  that: 
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(a)  In  the  stratosphere  there  have  been  no  measurements  ol'  trace  material 

concentrations  in  sufficient  detail  to  permit  determination  of  K. ,'s 

i.l 

by  means  of  equation  (9). 


(b)  Because  of  (a)  the  use  of  equation  (10)  to  represent  transport  of 
trace  material  means  that  K^_.  must  be  treated  as  a  parameter 
rather  than  a  theoretically  or  experimentally  determined  quantity. 


It  is  further  to  be  noted  that  equation  (10)  does  not  contain  any  terms 

specifically  related  to  transport  by  standing  eddies  in  its  two-dimensional  form. 

(In  this  form  the  quantities  V/1  and  q  are  merely  replaced  by  their  zonal 

averages.)  This  means  that  any  real  effects  due  to  standing  eddies  must  be 

included  in  V/  and  K.  ..  And  this  means  that  to  the  extent  that  V.'  includes 

ij  - 

effects  of  standing-eddy  transport,  it  is  also  a  parameter.  In  effect,  if 
shifts  in  quasi-stationary  features  of  the  stratospheric  circulation  occur 
during  the  modelled  season,  the  quantities  V/  and  K.  .  -|^  in  equation  (l) 

ij  dXj 

may  not  be  equivalent  to  the  (observable)  quantities  C  v],  (  ij]  and  -[v'q1], 
Cw'q'  ]  in  equation  (2).  Also  care  must  be  exercised  in  applying  equation  (10) 
to  represent  concentration  distributions  at  too  early  times  after  single  injec¬ 
tions.  This  last  point  arises  from  the  requirement  that  the  intei*val  T  be 
sufficiently  large. 


12.4  Models  and  Interpretation  of  Stratospheric  Concenti'ations  of  Radionuclides 

84,8 

The  general  circulation  model  of  the  stratosphere  of  Manabe  and  Hunt 
can  be  used  to  provide  understanding  of  the  nature  of  stratospheric  transport 
processes.  It  has  shown  that  transport  by  mean  motions  and  by  eddy  diffusion 
are  important  and  that  the  processes  act  in  a  complicated  interx-elated  fashion 
depending  upon  time  and  initial  distribution  of  the  material  or  dynamic  property 
being  transported.  The  two-dimensional  models  of  diffusion  and  advection  have 
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the  processes  built  into  the  equations,  so  that  new  understanding  of  the  processes 
does  not  result  from  application  of  the  models.  The  general,  circulation  model 
requires  so  much  computer  time  that  it  is  quite  impractical  at  present  to  use  it 
for  simulating  the  behavior  of  radioactive  nuclides  from  nuclear  explosion  in¬ 
jections  (or  other  materials)  over  time  periods  of  the  order  of  two  to  five  years. 
It  was  lor  the  express  purpose  of  doing  this  that  the  STARDUST  and  other  models 
of  stratospheric  transport  were  constructed. 

Krey  has  shown  that  box-models  (first  order  kinetics  transfer  from 
one  compartment  to  another)  with  a  sufficient  number  of  compartments  can  be  made 
to  give  reasonable  accountancy  for  hemispheric  inventories.  This  is  perhaps  the 
simplest  type  of  model.  With  it  there  is  no  attempt  to  simulate  concentration 
patterns  and  detailed  latitudinal  distribution  of  fallout. 

The  STARDUST80,  STREAl?1,  and  other 8^’83  stratospheric  models  of 
turbulent  diffusion  and  advection  have  shown  that  the  two-dimensional  formalism 
discussed  in  12.3  can  simulate  reasonably  well  some  of  the  patterns  of  strato¬ 
spheric  concentration  and  latitudinal  profiles  of  fallout  over  periods  of  up  to 
three  years.  The  overall  differences  among  models  are  probably  not  greater  than 
the  overall  errors  in  the  observations  of  the  distributions  being  simulated. 

Since  this  is  the  case,  there  appears  to  be  no  compelling  reason  to  accept  any 
one  model  in  preference  to  the  others.  It  is  suggested  that  the  STARDUST  and 
STREAK  models  may  be  preferable  in  view  of  the  simpler  scheme  in  the  values  of 
the  parameters. 

It  was  mentioned  previously  that;  infrequent  sampling  and  possible 
improper  zonal  coverage  in  the  stratospheric  radioactivity  sampling  programs 
give  rise  to  inabilities  to  determine  a)  proper  zonally  average  I  concentrations 
and  b)  tracer  fluxes.  Since  these  quantities  must  be  known  in  order  to  deline- 
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ate  the  transport  processes,  the  numerous  interpretations  of  observations  as 
indicating  specific  mean  motions  must  be  viewed  as  educated  guesswork.  Tclegadus 
and  List  ask  the  question,  "Are  particulate  radioactive  tracers  indicative  of 
stratospheric  motions?"  They  answer  affirmatively  and  that  answer  is  concurred 
with  he  re in .  However,  it  is  contended  here  that  it  cannot  generally  be  deter¬ 
mined  by  present  methods  precisely  what  motions  are  indicated,  for  the  case 
when  knowledge  of  the  general  circulation  of  the  stratosphere  is  available 
then  it  can  be  used  to  understand  the  observed  distributions  of  tracer  mater¬ 
ials.  The  inverse  process  of  deducing  the  general  circulations  from  tracer 
observations  is  impossible. 

A  closing  note  is  directed  at  the  interpretations  of  the  behavior  of 

59  96 

tracers  injected  at  high  altitudes  given  by  List  et  al.  and  Krey 

They  have  noted  that  upon  their  initial  appearance  in  the  sampling  corridor, 

Pu2  from  the  1964  SNAP-9A  reentry  burn-up,  Cd^0^  and  Rli*^“  from  specific- 
nuclear  tests,  certain  isolines  of  concentration  all  descended  in  the  polar 
stratosphere  with  a  velocity  of  about  1.5  km/ month.  While  the  authors  note 
that  interpretations  according  to  simple  models  is  difficult,  there  is  implied 
that  the  repeated  finding  of  a  vertical  velocity  of  1.5  km/ month  may  be  signifi¬ 
cant.  In  view  of  the  foregoing  discussion  it  is  suggested  lie  re  that  such  analyses 

of  the  behavior  of  single  isolines,  or  "first  appearances"  of  tracer  materials, 

85 

are  invalid.  To  illustrate  the  point  refei*cnce  i.s  made  to  Hunt  and  Maiuibe's 
tracer  R2  in  their  general  circulation  model  paper.  This  was  a  high  altitude 
tracer  meant  to  resemble  ozone.  During  the  simulation  period  of  180  days  tracer 
concentration  isolines  descended  in  the  lower  polar  stratosphere.  An  isoline 
line  could  be  found  that  had  a  mean  descent- rate  of  1.5  km/ month.  Analysis  of 
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the  experiment:  showed  that  the  tracer  movements  were  caused  by  complex  combina¬ 
tions  of  mean  motion  and  eddy  transports  during  a  time  when  the  mean  motions  in 
the  lower  stratosphere  were  upward  and  poleward  north  of  45°  latitude. 
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CHAPTER  13.  THE  STARDUST  NUMERICAL  MODEL  OF  TRANSFER  AND  RAINOUT  01 
STRATOSPHERIC  RADIOACTIVE  MATERIALS 

13.1  Introduct ion 

As  a  consequence  of  the  data  analyses  conducted  u.der  the  High  Altitude 
Sampling  Program  (Project  HASP)  of  atmospheric  distributions  and  surface  fallout 
of  radioactive  material,  it  was  readily  recognized  that  the  introduction  of  large 
amounts  of  artificially  produced  radioactive  nuclides  into  the  stratosphere  con¬ 
stitutes  a  potential  health  hazard  on  a  global  scale  and  that  methods  must  be 
devised  to  evaluate  and  predict  this  hazard.  Hence,  a  prime  objective  of 
Project  STARDUST  was  to  develop  a  numerical  model  to  predict  the  transfer,  mixing 
and  fallout  of  such  material  introduced  into  the  stratosphere. 

A  basic  numerical  model  in  two  dimensions  (the  meridional  plane  of  the 
earth-atmosphere  system)  capable  of  simulating  diffusion,  transport,  particle 
settling  and  tropospheric  rainout  was  formulated.  The  model  was  progressively 
developed  using  guidelines  based  upon  observed  atmospheric  distributions  of 

radioactive  material,  particularly  tungsten-185,  and  upon  some  initial  ideas  of 

19 

significant  atmospheric  transfer  processes  formulated  by  Feely  and  Spar 

The  model  developed  as  a  part  of  Project  STARDUST  allowed  no  varia¬ 
tions  with  season  in  the  properties  of  the  atmosphere  and  the  parameters  used 
to  describe  them.  In  this  sense  it  is  considered  to  be  a  "mean  annua  l"  model. 

In  1966  model  studies  of  Project  STARDUST  were  reassigned  to  Project  STREAK 
under  the  sponsorship  of  the  U.S.  Atomic  Energy  Commission.  In  that  study 
a  four-season  model  was  developed.  This  led  to  certain  improvements  and 
changes,  some  of  which  will  be  referred  to  near  the  end  of  this  chapter. 
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In  what  follows  is  u  summary  of  the  formulation  of  the  mean  annual 

numerical  model  and  of  the  significant  accomplishments  resulting  from  a  large 

number  of  numerical  experiments  using  tungsten-185  data  to  simulate  a  tropical 

injection  and  strontium- ‘10  data  to  simulate  a  polar  injection.  This  summary  was 

previously  presented  in  a  paper  presented  at  the  International  Symposium  on 

Atmospheric  Chemistry,  Circulation  and  Aerosols  conducted  by  the  Commission  on 

80 

Atmospheric  Chemistry  and  Radioactivity,  August  .18-25,  1965,  Visby,  Sweden 

More  detailed  presentation  of  the  progress  of  this  research  effort  appeared 

98  99  100 

primarily  in  three  previous  reports  on  Project  STARDUST  ’  ’ 

The  injection  of  tungsten-185  was  associated  with  a  series  of  weapon 

tests  which  took  place  at  a  latitude  of  11 . 7°N  from  May  to  August  1958.  The  strato- 

19 


spheric  injection  of  tungsten- 185  was  estimated  by  Friend  et  al.  at  approxi¬ 
mately  54  to  87.5  megacuries  (corrected  for  decay  to  15  August  1958).  The  average 
center  of  gravity  of  the  injections  is  not  accurately  known,  but  it  is  assumed  to 
Lie  within  a  three-kilometer  layer  of  the  lower  tropical  stratosphere.  The 
observed  tuugsteu-185  distribution  (two-month  mean)  in  the  lower  stratosphere, 
one  year  after  the  average  injection  time,  is  shown  in  Figure  131a.  The  heavy 
line  indicates  the  analyst’s  impression  of  the  distribution  witli  latitude  of  the 
height  of  maximum  concentration.  The  striking  features  of  the  concentration  dis¬ 
tribution  are  (a)  the  poleward  declination  of  the  axis  of  maximum  concentration, 

(b)  the  maintenance  of  a  center  of  maximum  concentration  slightly  south  of  the 
original  injection,  (c)  the  development  of  a  secondary  maximum  in  north  and  in 

south  polar  regions,  and  (d)  the  large  concentration  gradient  in  the  vertical  just 

19  102 

above  the  tropical  tropopuuse .  Feely  and  Spar  ,  Bolin  ,  llering  and  Bonien^  0 
and  other  authors  have  called  attention  to  these  features  of  the  stratospheric  dis- 
tribution  and  pointed  out  similarities  between  the  artificially  produced  radionuclide 
and  ox one  d istr ibutions  in  the  lower  stratosphere. 
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FIGURE  131.  (a)  MEAN  MAY  -  JUNE,  1959  DISTRIBUTION  OF  TUNGSTEN-185  (pCi/SCM,  corr  to  15  Aug  1958). 

(b)  MEAN  JAN  -  APR,  1962  DISTRIBUTION  OF  STRONTIUM-90  (pCi/lOOSCM)  FROM  SOVIET  TESTS. 
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Experimentation  with  the  numerical  diffusion  model  was  designed  to  in¬ 
vestigate  systematically  the  consequences  of  a  general  mixing  model.  The  objective 
is  to  isolate  the  simplest  model  structure  which  yields  reasonable  agreement  with 
the  observed  features  of  the  tungsten  experiment.  The  relevant  features  are  con¬ 
sidered  to  be  as  follows: 

(1)  the  distribution  of  concentration  isopleths  in  the  stratosphere, 

(2)  the  decrease  of  central  (maximum)  concentration  with  time,  and 

(3)  the  observed  meridional  distribution  of  the  combined  rainout  and  dry 
fallout  of  the  tungsten- 185  for  the  first  year  after  injection. 

To  test  its  general  applicability,  the  model  is  further  re<  >ired  to  reproduce  the 
gross  features  of  an  injection  in  the  lower  polar  stratosphere.  The  1961  Soviet 
test  series  approximates  this  type  of  injection.  Figure  131b  shows  the  strato¬ 
spheric  distribution  of  strontium-90  resulting  from  this  test  series,  six  months 

104 

after  a  mean  injection  time  .  Due  to  the  presence  of  strontium-90  from  previ¬ 
ous  tests,  it  was  necessary  to  use  isotopic  ratio  (Sr-89/Sr-90)  dating  to  identify 
the  newly  injected  strontium-90.  This  process  of  identifying  Soviet  debris  was 
feasible  only  up  to  May  1962,  at  which  time  the  United  States  introduced  fresh 
debris  into  the  stratosphere.  The  poleward  slope  of  the  axis  of  maximum  concen¬ 
tration  indicated  in  the  Soviet  data  closely  approximates  that  of  the  tungsten-185 
data  as  shown  in  Figure  131a • 

13.2  Numerical  Model 

It  is  our  intent  to  examine  the  possibilities  of  reproducing  the  main 
features  of  the  observed  data  by  means  of  eddy  diffusion,  particle  settling,  and 
dry  arid  wet  fallout.  In  the  absence  of  general  circulation  terms,  the  two-dimensional 
anisotropic  diffusion  equation  incorporating  the  effects  of  particle  fall  velocity 
and  variable  density  is,  with  good  approximation  for  our  domain  of  interest, 
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where: 

2 

p  =  air  density  (gm/cm  );  assumed  to  be  a  function  of  r  only, 

q  =  mixing  ratio  of  radioactive  material  (gm/gm  of  air  or 
pCi/gm  of  air), 

K  =  coefficient  of  eddy  diffusion  (cm2/sec), 

0  =  particle  fall  velocity  (cm/ see), 

-  latitude  (deg), 

r  =  radial  distance  outward  from  the  center  of  the  earth  (cm),  and 
t  =  time  (sec). 

It  is  to  be  noted  that  a  term,  (2/r)pKrr(bq/dr),  has  been  omitted 
from  the  right  hand  side  of  (l).  Since  the  magnitude  of  r  is  of  the  order  of 

g 

6  x  10  cm,  this  term  is  small  with  respect  to  the  others  and  can  be  neglected. 

It  is  not  possible  to  solve  this  equation  analytically  for  a  complex 
atmosphere  in  which  the  density  is  a  function  of  altitude  and  the  coefficients 
of  eddy  diffusion  may  be  functions  of  altitude,  latitude  and  time.  Furthermore, 
there  is  no  simple  way  in  which  rainout  can  be  incorporated  into  the  equation. 
The  method  of  finite  difference  solutions  of  parabolic  differential  equations 
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with  complex  boundary  and  initial  conditions  is  particularly  appropriate  Tor 
application  to  the  problem  considered  in  this  paper.  In  what  follows,  the  basis 
and  principal  features  of  the  numerical  model  are  presented. 

If  the  tensor  defined  by  the  diffusion  coefficients  in  (l)  is  assumed 
symmetric,  i.e.,  -  K^,  then  there  exists  a  set  of  principal  axes  along 

which  the  off-diagonal  or  mixed  derivative  terms  vanish.  In  what  follows,  we 
assume: 

J .  The  local  principal  axis  of  diffusion  is  known  at  each  point  in 
the  numerical  grid . 

✓  / 

2.  The  principal  diffusion  coefficients,  K, ,  and  K  ,  are  known  at 
each  grid  point. 

3.  For  the  domain  of  interest,  the  r,  0  coordinate  system  is  sufficiently 
close  to  being  cartesian  to  warrant  the  following  transformations: 


hi  ~~  Kn  +  sl"2“  k22’ 


(2) 


2  /  2  ' 

K  =  sin  aK„  +  cos“a  Kno, 
rr  11  22’ 


(3) 


K  ,  -  K,  -  cos  a  sin  a  K. .. 

ro  pr  11 


-  sin  a  cos  0!  K 


22’ 


(4) 


whore  a  is  the  angle  between  the  rd0  direction  (positive  toward  the  north  pole) 

and  the  direction  of  the  principal  diffusion  of  axis.  The  absolute  value  of  a 

/  / 

is  reasonably  taken  to  be  small;  thus  and  represent  quasi-horizontal  and 
quasi- vertical  diffusion  coefficients  respectively. 

For  numerical  computations,  it  is  convenient  to  express  (l)  in  a  g,z 
coordinate  system,  where  |x  -  sin  0,  z  r  -  r  and  r  -  the  mean  equatorial  radius 
of  the  earth.  Thus 


598 


ISOTOPES 

A  Teledyne  Company 


pg-  =  -f^(pnq)  +■§; 


pKZz 


[1  - 

o 


5z 


p  cos  0K  /  — — +  — ^r— 

z P  rQ^J.  r0^ 


p  cos  0K^  |h 


(5) 


The  numerical  method  involves  considering  an  earth-atmosphere  merid¬ 
ional  plane  as  a  grid  of  discrete  points.  For  the  models  presented  here  the 
grid  consists  of  840  points;  30  along  the  (i-axis  and  28  along  the  z-,  or  height 
axis.  The  grid  interval  in  the  vertical  is  a  constant  1.5  km  while  it  is  vari¬ 
able  in  the  jx-direction  so  that  there  are  17  grid  points  in  the  Northern  Hemi¬ 
sphere  and  12  grid  points  in  the  Southern  Hemisphere. 

An  implicit,  alternating  direction  scheme  is  used  to  integrate  (5) 
numerically  because  of  its  inherent  stability  in  producing  convergent  solutions 
and  for  numerical  convenience.  The  finite  difference  analogue  of  (5)  is 
expressed  by  (6)  and  (7)  which  are  applied  alternately  with  successive  time 
increments. 


n+1 

2 _ Z. 

6t 


n 

£_ 


_]_  r_6_ 

2p  6z 


n 


+ 


+ 


f-j-  I  PK  -jP  ) 

2p  ^6z  zz  6z  I 


n+1 


r  6u 

0  ^ 


(1  -  tm 


p  [&  ( p  cos  rfe]  1  +frir 

l  o  /J  L  o 


COS0K/Z  te- 


(6) 
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n  i'  I 

il _ 

61 


p  L(p^\  +  [*Ss  ( pK^  If]  '  i  ((,"w2)K^i:ffc)]nH 


+  ‘i-  «M- 


(J-f)K«v  ttU]  +  i  h  I p  oos  0KZ^ 


6g 


cos 


5  0K 


i£ 

f z  6z 


(7) 


The  superscripts  in  equations  (6)  and  (7)  above  indicate  values  of  the 
quantities  at  time  n  and  time  n  +  1.  The  alternating  direction  scheme  is  applied 
to  only  the  second  and  third  terms  on  the  right  in  (5).  It  is  apparent  that,  with 
respect  to  these  terms,  (6)  is  implicit  in  the  z-direction  and  explicit  in  the 
g-direction  while  (7)  is  implicit  in  the  g-direction  and  explicit  in  the  z-direction; 
hence  the  term,  "alternating  direction".  All  other  terms  on  the  right  are  explicit. 
Centered  differences  are  used  to  approximate  all  derivatives  except  for  the  first 
term  which  is  evaluated  as  a  backward  difference  since  the  fall  velocity  is  always 
negative.  The  method  of  solution  in  two  dimensions  is  described  by  Douglas'*'0'’. 

The  only  modification  in  our  case  is  to  adjust  the  boundary  conditions  so  that 
the  diffusive  flux  of  material  through  the  vertical  and  lateral  boundaries  of  the 
system  is  always  zero. 

All  models  described  in  this  report  incorporate  a  troposphere,  tropo- 
pause,  and  stratosphere  in  a  manner  which  is  schematically  illustrated  in  Figure  132. 
The  vertical  diffusion  coefficient  is  assumed  to  be  dependent  on  both  stability 
(lapse  rate)  and  vertical  wind  shear.  Relatively  large  vertical  diffusion  co- 
efficient  values  (K,,,,  -  Ilf  to  10  cm  sec  )  in  the  principal  axis  system  are 
associated  with  the  mean  annual  lapse  rate  of  the  troposphere,  while,  in  general, 
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relatively  smaller  (at  least  one  order  of  magnitude)  values  of  K  are  associated 

z  z 

with  the  isothermal  layers  of  the  lower  polar  stratosphere .  The  line  of  discon- 

/ 

tinuity  between  the  large  K ^  values  of  the  troposphere  and  the  smaller  values 
of  the  stratosphere  constitutes  the  tropopause. 

In  the  models  which  are  presented  in  detail,  particle  fall  velocities 

(ri>  were  determined  as  a  function  of  altitude  from  calculations  by  Junge,  Chagnon 

3  3 

&  Manson  for  spherical  particles  with  0,1  |j  radius  and  2  g/cm  density.  In 

the  simulation  of  dry  fallout,  a  value  of  Q  =  0.3  cm/ sec  was  used  at  the  air- 

ground  interface.  This  value  was  chosen  to  represent  the  effects  of  absorption, 

impaction  and  chemical  and  electrical  affinities  at  the  interface.  The  necessity 

in  individual  cases  for  a  larger  deposition  velocity  than  is  indicated  by  the 

terminal  velocities  of  small  particles  has  been  shown  from  experiments  by 

108 

Chamberlain  and  Chadwick 

In  some  models,  the  region  between  the  polar  and  tropical  tropopause 

/  / 

is  treated  as  a  "gap"  region  and  for  these  cases  and/or  K,,2  are  made  rela¬ 
tively  large  as  compared  to  their  stratospheric  values. 

Wet  fallout,  i.e.,  removal  by  precipitation,  is  simulated  in  the 
models  by  the  periodic  removal  of  a  fractional  amount  of  q  at  a  fixed  grid  point. 
This  fractional  amount  removed  (X)  is  a  function  of  latitude  and  height  and  can 
be  expressed: 

X(|x,z)  =  a(z)p(i*)q(ii,z)  , 

where  p(p,)  is  a  fraction  proportional  to  the  mean  annual  precipitation  as  given 
109 

by  Moller  and  a(z)  is  a  height  proportionality  factor.  The  total  amount 
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FIGURE  132 •  SCHEMATIC  REPRESENTATIONS  OF  THE  DISTRIBUTION  OF  DIFFUSION 
COEFFICIENTS  CHARACTERIZING  THE  REGIONS  OF  THE  ATMOSPHERE 
IN  THE  NUMERICAL  MODEL. 


LATITUDE 

FIGURE  133.  VARIATION  OF  THE  REMOVAL  FACTOR  IN  THE  NUMERICAL  MODEL 

(a)  P  AS  A  FUNCTION  OF  LATITUDE 

(b)  "a"  VALUES  FOR  THE  FIVE  REMOVAL  LEVELS. 
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removed  in  a  fixed  Ap  interval  is 

Y(p,t)  =  2rrr*^ Ap,  X(p,z)  (z)dzdt  . 

The  removal  levels  and  values  of  p(p)  and  u(z)  are  illustrated  in 
Figure  133.  In  the  models  which  are  presented  in  detail,  the  fractional  removal 
was  accomplished  every  5.0  days.  A  CDC  1604  computer  was  used  for  all  computa¬ 
tions  with  a  time  step  of  approximately  1.27  days. 

In  order  to  test  the  validity  of  the  transformations  (2)  to  (4), 
the  finite  difference  approximation  to  (5),  and  the  effect  of  the  variable  grid 
spacing  (a  p)  in  the  p-direction  in  the  Northern  and  Southern  Hemispheres,  a 
test  model  was  run  assuming  the  finite  difference  equivalent  of  a  point  source 

at  p  =  0  (the  equator)  and  z  =  21  km.  The  slope  of  the  surface  containing  the 

-4 

principal  duffusion  axis  was  assumed  constant  and  equal  to  9.19  x  10  ; 

9  2  4  2 

^11  =  3  x  -1-0  cm  /sec  anc*  K22  =  10  ctn  / sec  were  tl’e  values  of  the  diffusion 

coefficients.  The  transformations  (2)  to  (4)  were  used  to  obtain  K  ,  K  ,  and 

'  rr’  re 

K^.  A  measure  of  the  adequacy  of  (2)  to  (5)  is  the  degree  to  which  the  merid¬ 
ional  slope  of  the  level  of  maximum  concentration,  as  determined  from  the  compu¬ 
tations,  conforms  to  the  assumed  slope  of  the  surface  containing  the  principal 
diffusion  axis.  The  extent  of  the  agreement  six  months  after  injection  is  shown 
in  Figure  134.  The  level  of  maximum  concentration  in  a  vertical  section  was 
estimated  by  parabolic  interpolation  of  the  computed  concentrations  at  grid  points 
bracketing  the  grid  point  at  which  a  maximum  appeared.  The  agreement  is  con¬ 
sidered  to  be  satisfactory  and  it  is  worth  noting  that  the  unequal  grid  intervals 
in  the  Northern  and  Southern  Hemispheres  do  not  seriously  distort  the  results. 
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FIGURE  134.  SLOPE  OF  THE  LEVEL  OF  MAXIMUM  CONCENTRATION  PREDICTED 
BY  THE  NUMERICAL  MODEL  SIX  MONTHS  AFTER  INJECTION 
COMPARED  WITH  THE  ASSUMED  SLOPE  OF  THE  PRINCIPAL 
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13.3  Tropical  In.jection 

For  these  experiments  a  vertical  line  source  representing  a  tropical 
injection  was  assumed  at  p,  =  0.2  (ll°32'N)  with  a  center  of  gravity  ranging  from 
19.5  to  21  km  according  to  the  specific  experiment.  The  results  are  reported 
for  each  of  the  following  hypotheses: 


1.  The  principal  diffusion  axis  contained  in  horizontal  planes,  (ct  -  0) . 

2.  The  principal  diffusion  axis  contained  in  planes  parallel  to  potential 
temperature  surfaces  in  the  stratosphere. 

3.  The  principal  diffusion  axis  contained  in  planes  parallel  to  the  mean 
meridional  configuration  of  the  tropopause. 

/ 

For  hypothesis  1  the  horizontal  diffusion  coefficient  (K^  -  K^) 

9  10  2 

varied  from  10  to  10  cm  /sec.  The  vertical  diffusion  coefficient 

/  3  5  2  3  2 

(K  =  K  )  varied  from  10  to  10  cm  /sec,  i.e.  10°  cm  /sec  in  the  tropical 

ZZ  ZZ 

3  4  2  4 

stratosphere,  6  x  10  to  5  x  10  cm  /sec  in  the  polar  stratosphere,  and  10  to 

5  2 

10  cm  /sec  in  the  troposphere  and  "gap”  regions.  The  horizontal  diffusion 
coefficient  was  varied  strongly  with  both  latitude  and  height  in  attempts  to 
obtain  the  observed  meridional  variation  in  the  height  of  the  maximum  concen¬ 
tration.  It  was  found  possible  to  reproduce  the  desired  stratospheric  concen¬ 
tration  patterns  for  only  relatively  small  periods  (1  to  4  months)  after  injec¬ 
tion.  Beyond  these  periods  the  altitude  of  maximum  concentration  tended  to 
increase  at  a  rate  more  rapid  in  mid  and  high  latitudes  than  in  equatorial 
regions.  After  times  of  6  to  12  months  the  maximum  concentrations  exhibited 
distributions  which  were  opposite  in  slope  to  the  observed  distribution,  i.e., 
the  altitude  of  maximum  concentration  had  an  upward  instead  of  downward  pole 
slope.  There  are  two  main  factors  contributing  to  this  undesirable  behavior. 
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The  first  is  the  effect  of  the  vertical  variation  of  air  density.  From  (5)  this 
effect  can  be  isolated  as 


ia  =  k  ia.iL La  ,e)  + 

91-  zz  3z  dz 


(10) 


The  sign  of  (d/dz)  (inp)  is  always  negative  so  that  the  sign  of  the  contribution 
of  the  variable  density  term  to  3q/dt  is  determined  by  the  sign  of  dq/dz.  For 
an  isolated  point  source,  therefore,  the  effect  of  the  variable  density  term  is 
to  produce  a  positive  dq/dt  above  the  source  and  a  negative  dq/dt  below.  The 
magnitude  of  this  effect  is  proportional  to  the  magnitude  of  the  vertical  diffu¬ 
sion  coefficient,  K  .  The  second  factor  comes  from  the  introduction  of  large 
vertical  diffusion  coefficients  in  the  ’’gap'*  regions.  These  large  coefficients 
were  needed  in  order  to  duplicate  the  time  rate  and  meridional  distribution  of 
surface  deposition.  This  meridional  variation  of  the  vertical  diffusion  co¬ 
efficients  in  the  lower  stratosphere,  coupled  with  the  variable  density  factor 
and  the  tropospheric  sink,  caused  the  level  of  maximum  concentration  to  rise 
more  rapidly  in  mid  latitudes  than  at  the  equator. 

It  was,  therefore,  concluded  that,  within  the  range  of  diffusion  co¬ 
efficients  considered  to  be  even  remotely  reasonable,  it  was  impossible  to 
reproduce  correctly  the  meridional  distributions  of  both  the  surface  deposition 
and  the  stratospheric  concentration  on  the  basis  of  diffusion  processes  alone 
when  the  principal  diffusion  axis  is  assumed  to  be  everywhere  horizontal. 

The  consequences  of  hypothesis  2,  namely  that  the  principal  diffusion 
axis  parallels  the  isentropcs,  were  examined  despite  the  fact  that  the  observed 
slope  of  llie  isentropcs  at  20  km  is  less  than  one-half  the  observed  slope  of  the 
level  nf  maximum  concentration  of  the  tungsten-185  distribution.  It:  was  con- 
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side  red  that  suitable  adjustments  of  arid  in  such  an  inclined  di  I' fusion 
axis  scheme  might  lead  to  better  agreement  than  had  been  obtained  with  the  hori¬ 
zontal  axis. 

The  most  elaborate  experiment  of  this  type  involved  varying  the  slopes 
of  the  i sent ropes  seasonally,  setting  the  vertical  diffusion  coefficient  in  the 
"gap"  region  proportional  to  the  magnitude  of  the  monthly  mean  jet  and  fixing 
the  horizontal  diffusion  coefficients  according  to  the  vertical  and  meridional 
distribution  of  the  vector  standard  deviation  of  the  wind  (extrapolating  values 
into  the  stratosphere).  Data  for  these  seasonal  and  spatial  variations  were 

obtained  from  meridional  cross-sections  published  by  the  U.S.  Weather  Bureau^"^. 

✓  .8  ]  0  •>  ✓ 

For  this  set  of  experiments,  varied  from  10  to  10  cm  /sec  and  K,)i; 

3  5  2 

varied  from  10  to  10  cm  /sec. 

The  results  were  not  satisfactory.  The  large  diffusion  coefficients 
in  the  "gap"  region  and  the  strong  tropospheric  rainout  mechanism  made  it 
impossible  to  maintain  the  desired  slope  of  the  level  of  maximum  concentration 
in  the  stratosphere  equatorward  of  the  "gap"  region,  although  more  satisfactory 
results  were  obtained  poleward  of  the  "gap"  region.  The  large  spatial  variation 
of  the  primed  diffusion  coefficients  in  the  "gap"  region  tended  to  obscure  the 
effect  of  the  sloping  principal  diffusion  axis.  The  one  positive  conclusion 
from  this  set  of  experiments  was  that  the  anisotropic  model,  with  the  principal 
axis  of  the  diffusion  tensor  oriented  along  the  isentropic  surfaces,  did  signifi¬ 
cantly  slow  down  the  rate  of  rise  of  the  level  of  the  maximum  concent  rati  on  in 
the  presence  of  a  strong  tropospheric  sink  and  relatively  large  values  of  k 
and  K.  in  the  "gap"  regions. 

Finally,  hypothesis  3  was  investigated  by  assuming  that  the  quasi  - 
horizontal  principal  diffusion  axis  in  the  stratosphere  and  upper  1 roposphe re 
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Is  approximately  parallel  to  the  mean  annual  tropopause  configuration  at  all 

levels  in  the  meridional  plane.  The  mean  slope  of  the  tropopause  in  the  jet 

stream  region  was  determined  each  month  from  meridional  cross-sections  for 
111 

1958  •  These  slopes  were  then  averaged  for  the  year  and  located  at  the 

mean  annual  latitudinal  position  of  the  jet  core.  The  slope  thus  determined 

is  about  4.1  x  10  ^  and  in  the  present  model  extends  approximately  from  33.5° 

to  46.5°  N  latitude.  The  principal  diffusion  axis  was  assumed  parallel  to  this 

tropopause  configuration  from  6  km  to  22.5  km;  above  22.5  km  the  slopes  were 

reduced  to  2.9  x  10  ^  mostly  because  the  slopes  of  the  lines  of  constant  poten- 

103 

tial  vorticity  as  indicated  by  Hering  and  Borden  decrease  with  altitude  in 
the  stratosphere.  It  is  recognized  that  the  method  of  averaging  is  somewhat 
arbitrary  and  must  be  considered  in  the  interpretation  of  the  results.  This, 
however,  is  not  considered  to  be  a  serious  drawback  in  the  present  development 
of  the  model. 

It  was  found  for  this  last  scheme  that  all  of  the  observed  features 

of  the  tungsten  experiment  could  be  reproduced  with  an  extremely  simple  set  of 

x  9  2 

diffusion  coefficients.  A  value  of  -  4  x  10  cm  /sec  throughout  the  system; 
/  3  2 

a  value  of  K99  =  10'  cmVsec  throughout  the  stratosphere  and  a  value  of 

'  _  4 

K92  -  4  x  10  throughout  the  troposphere  were  sufficient  to  yield  satisfactory 
results.  In  this  series  of  experiments  it  was  assumed  that  the  injection  took 
place  at  p,  -  0.2  (11°32’  N);  at  z  =  18  km,  q  -  5.1  pCi/g  of  air  and  at  z  =  19.5 
km,  q  =  12.9  pCi/g  of  air.  This  source  configuration  corresponds  to  a  total 
injection  of  70  megacuries,  approximately  the  mid-point  of  the  range  of  estimate 
of  54  to  87.5  megacuries. 
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In  Figure  135  the  decrease  with  time  of  centra.]  concentration  predicted 
by  the  model  is  compared  with  the  observed  decrease.  The  meridional  distribu¬ 
tions  of  total  deposition,  one  year  after  injection,  as  predicted  by  the  model 

(101) 

and  as  estimated  from  observed  data  by  Friend  et  al.  are  shown  in  Figure  136. 
The  predicted  peaks  occurred  at  the  same  latitudes  as  observed  in  the  Southern 
Hemisphere  and  the  Tropics  while  the  predicted  Northern  Hemisphere  peak 
occurred  about  5  degrees  north  of  the  observed  peak.  Also,  the  relative 
magnitudes  of  the  predicted  peaks  corresponded  well  with  the  observed  data. 

There  was,  however,  some  disparity  between  the  totals  of  global  fallout  repre¬ 
sented  by  the  two  curves.  The  model  indicated  45  megacuries  deposited  while 
the  observed  estimate  was  61  megacuries.  This  difference  can  be  attributed  to 
two  factors  -  the  magnitude  of  the  injection  in  the  model  was  not  large  enough 
and/or  the  estimate  of  surface  deposition  from  the  observed  data  was  too  large. 
The  experimental  uncertainties  in  both  of  these  factors  are  sufficient  to 
account  for  the  above  mentioned  disparity.  The  injection  in  the  model  could 
justifiably  be  accepted  as  85  instead  of  70  megacuries.  Also,  the  estimate  of 
total  surface  deposition  by  Friend  et  al.^°^for  16  months  after  the  tungsten 
injections  is  77.5  megacuries  (corrected  to  August  15,  1958)  which  exceeds  by 
10%  the  total  amount  initially  put  into  the  stratosphere  in  the  model  .  Indica¬ 
tive  of  the  uncertainty  in  the  estimates  of  surface  deposition  is  the  comparison 
(112) 

of  Hardy's  estimate  of  50  megacuries  for  the  .16  month  period  with  the  above 
77.5  megacuries  value. 

Another  disparity  between  the  observed  and  model  predicted  distribu¬ 
tions  in  Figurel36  is  the  difference  in  spread  of  the  distributions  about  the 
Northern  Hemisphere  peak.  Attempts  to  improve  the  spread  of  the  predicted  dis- 
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FIGURE  135.  DECREASE  OF  CENTRAL  CONCENTRATION  WITH  TIME. 
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FIGURE  136.  DISTRIBUTIONS  OF  SURFACE  DEPOSITION  OF  TUNGSTEN-185  ONE  YEAR  AFTER  INJECTION 
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trlhnttoii  by  variation*.  **f  t In*  mntpiitndoM  of  Kjj  ami  K„„  In  tlie  t  mponpltotv 
wo 'i •  not  nacre mm  Ihl.  It  1m  IV It,  Imwaver,  that  n*nalderable  Improvement  »•«{» 
lw  realized  It)  a  fuiir  Mt'UKoii  aodol  In  which  there  am  a  Meaioital  Mlilft  nurltl- 
tonally  of  th**  t n*po|*aiiM*  configuration  ami  a  Mca *fi*na  1  variation  In  the  magni¬ 
tude*  »*r  tit**  wet  n*m*vnl  factor*. 

In  \  low  Ml*  the  uncertaiuUr*  of  tin*  obuerved  Mirlace  dlatrlbutlon 
ami  magnitude  of  initial  Injection  ami  of  tin*  Mlmpllcity  of  the  model  at  mu  turn 
tin* Ft*  rv-ult*  an*  cooMl*len*d  »at  Ufnctoiy. 

Ihrth**r  Matlufactory  n  M.lt m  were  achieved  by  the  model  with  nmpect 
to  tin*  M  rwto»pl*rlo  residence  half-time*  for  the  material.  Tito  tin  r»*a*v  with 
tin**  of  tlto  *trato»ptwrlc  inventory  In  the  model  ha*  boon  plotted  lit  rigure  137* 
ami  compared  to  rate*  of  decrease  eerre*pomling  to  varlou*  tlwon*tlcal  residence 
half-time*.  An  aw  rat;**  n*»ldom*e  half-time  of  7  nettllm  I*  Indicated  for  tlto 
mnlel  •iurltit;  t t*e  flr*t  It*  month*  after  Injection.  Thereafter,  tlto  n»*ldence 
half-time  teml*  to  lncn*a*e  to  •»  ami  10  month*.  The*e  remit*  an*  In  accord 
with  tit**  S  to  *J  month*  e*t(mau>*  for  *trnto»pherlc  material  ma*lo  by  lYleml  et  al.*°* 
b.i*ed  on  the  po**lb!e  range  of  magnitude*  of  Injection  ami  *trato*pliei*Ic  Inven¬ 
tories  estimated  fnei  observed  «lata. 

rigun**  13®,  137,140  eiepan*  tin*  ob  nerved  at rvito*pherle  dl>t rl but  Ion* 
of  tiingMten  with  tta*  m*del  ptv*'lct(*4l  6,  12  ami  24  muith*  after  Injection,  n**pee- 
tlvely.  T1>*  j*n»Mi*  featnn*M  of  tlx*  «4»*erved  tungsten- 1*A  *1 1 #t ribnt  lorn*  oerv  *atl*- 
factorlly  reproduced  by  tit*  numerical  model  at  t*  ami  12  mouth*  after  Injection  but 
tit**  similarity  **f  feature*  Im  nolle*  ably  k*M*  after  24  month*.  It  must  be  borne 
in  mind.  however.  t Iv.it  after  21  months,  tit**  observed  data  an*  much  leu*  reliable. 

Tit**  Important  gres*  font  tin**  to  be  r*epare*I  between  the  obseived  ami  model  results 
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MONTHS  AFTER  INJECTION 

FIG.  137  DECREASE  OF  STRATOSPHERIC  BURDEN  WITH 
TIME  PREDICTED  BY  NUMERICAL  MOOEL  FOR 
TROPICAL  INJECTION. 
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{11*1*5  (1)  ilocivusn  I  ;  li'  ijjht  til'  2.5  klliUMtti  f  «i I*  the  I*  i  I  of  y I  li'iM  •‘••tii'i'iit  nil— 

1 1 mii  from  20°  In  «•» °  lat  1 1 (n  li«  tli  Ih'uiIhiIh'ivr:  (••)  •  is  v  . .  >i «<•*  j  im 

t  Ion  tirdilluiil  In  the  lower  tropical  iMt««#>|tli*»o*  Jimi  >iI>*a*  tm  t  >*»•;•  I •  t  t  is«|«. • 

|Mll!*0  illlil  il  COII<*IiI'*IM|*Io  ll.*»*|V'm=*'  III  till*  t*IM*l i •  lit  |*o|."W.MV  1*1  t  |h  |o„.  I*  |I.||M|* 

ftlrytosplmivs  (.1)  tin*  tendem*}  rm*  tin*  t i**»j* I » til  i*i*iii i* •*  i.f  «.i  i  t  it  i<*ii 

!«•  ima i*  eipiatoiwardj  and  (4)  iliAi'lojnriit  n|‘  Mmn^iiy  rwui  **|V  of  «»t.lft'ii& 
tlMtilftl  ill  llltiltMl*  lilt  limit 

After  2*1  (MM tlu>  slttul  fit  nut  <11  fiV iviu**  iii  i’*«»ii*i  .it  i*.it  i •*•  *Ji  ti’jiiutji^ 

il|i|H*ill>ftl  .  01  flftA/ll  III  ri8l.|V  HU.  til**  o|ll*e|*VOt}  li.ltil  I  l*H  Mt*«l  *1  USOV  •  *M  lit  1*1 
lift*  tropical  renter  of  ngsltvun  cnitcont  rat  Ion  w**I  1  Into  tin  S.*i.ll«**ni  U*t*lnp!»**r» 
wltrrnas  till  *  renter  remain*  within  tin*  vicinity  of  tie  ..j.i.i:  ...*  In  tin  model, 
lift?  observed  ilotii  an*  connldoivd  ifti I ti*  *u<qi**et  *it  thin  tine*.  In  i|»  olu.**rv*i| 
concentration  distribution  22  mouth**  after  ln,|**«*t  l**n  tin  o  i  in*  in*.*  I  cut  loo  of 
movement  of  tlw  center  of  maximum  concent  rat  Ion  Into  t  It*  &*ntli**in  H*mhph.*i^  . 

Also,  at  lilpsli  1atitiiilei<.  tin  heiiiht  of  the  level  of  caxlttoi*  rone,  nt  rat  ion  riun* 
to  57  thousand  feel  in  tin*  mulct.  hot  noalii*  iit  .ippi'olnat*  Iv  H*  iVh  >«m*l  f  *.  t 
In  tin*  observed  data. 

1.1.4  Pol  or  Injectjon 

Since  tin*  poss  ilill  1 1*.  ex  I sled  of  fort  ti  it  on  9  acre.  :i<  t  !.*  *w-  •  *i  |*  i*«  •«!  1 1  •  t .  •* ! 

ami  observed  results  fm*  then  experiments  with  tropical  i:i,f.*i  t  i**nv.  it  wn  s 

decided  to  examine  the  eoiisequeiirea  of  the  saw**  liy|(et  I  to  si  »  's  I  •  in*  |»r  I  n«a  i|*.i ! 

axis  of  diffusion  parallels  the  1.  ropopansi;  coiifigurut  l«*u)  a  .ippl  in!  to  a  l.iwor 

polar  stratospheric  injection,  for  thl*  investigation  th-  i •*  I  Soviet  t*  :  ri*  * 

was  selected  as  representative  of  such  an  injection. 
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T1h»  observed  struntium-VO  data  for  thin  text  series  war*  determined 
by  isotopic  ratio  iSr-HV/Sr-VO,  Cc-144/Sr-30)  dating  because  there  wax  a  con¬ 
siderable  amount  of  strontium-90  In  tht  atmosphere  due  to  previous  testing. 
Also,  thorn?  data  are  not  considered  beyond  April  1962  because  of  the  Injection 
of  now  *truniiun-4iO  by  United  States  tests  after  this  date.  Thus,  the  observed 
data  art*  confined  essentially  to  the  winter  aonths.  The  aaiel  was  adapted  for 
a  winter  season  experiment  by  assuming  the  Mae  average  slope  (4.1  x  10~9)  of 
t Is  tropopausu  In  the  Jet  core  legion  but  the  latitudinal  position  of  the  Jet 
core  was  displaced  some  15  degrees  equatorward. 

It  was  fairly  well  known  that  the  major  testing  in  this  series  was 
conducted  at  Novaya  Zemlya,  approximately  7S°N  latitude,  but  the  altitude, 
magnitude*  and  vertical  distributions  of  the  individual  injections  are  highly 
speculative.  In  the  model,  therefore,  the  mapiitude  of  the  injection  was 
arbitrary  and,  using  the  observed  data  as  guidelines  for  altitude  atid  vertical 
distribution,  an  equally  distributed  line  source  was  put  in  between  45  and  50 
tltousaud  feet. 

Hgure  141  shows  the  results  of  one  of  these  simplified  experiments 

with  polar  injections.  It  can  be  appreciated  that  the  aajor  features  of  the 

stratospheric  concentration  patterns  were  reproduced  in  a  qualitative  fashion. 

The  most  satisfying  feature  is  that  the  observed  upward-equatoiward  slope  of 

the  surface  of  maximum  concentration  was  reproduced  quite  well. 

In  Figure  142  the  surface  deposition  computed  from  the  model  is 

113 

compared  with  the  estimate  of  distribution  from  Hardy  and  Collins  and 

115 

with  an  estimate  determined  from  data  by  Telegadas  which  incorporates  a 
correction  for  rainfall.  Tiie  better  agreement  between  the  model  prediction  and 
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the  Tulogadas  estimate  is  noteworthy  since  the  wet- fallout  simulation  in  the 

model  Is  based  on  tlie  average  meridional  distribution  of  raiufull. 

The  observed  data  of  the  decrease  with  time  of  the  stratospheric 

burden  of  strontium-90  from  1961  Soviet  tests  are  insufficient  to  provide  u 

worthwhile  quantitative  estimate  of  residence  half-times  of  the  moterluJ. 

It  is  generally  recognised  that  the  residence  time  of  debris  in  tlie  aliaospltero 

is  dependent  upon  tlie  Iteight,  latitude  and  season  of  injection  and  iltut  it  is 

shorter  for  higher  latitudes  and  lower  altitudes01’10?  Residence  lialf-times 

of  3  to  6  months  have  been  considered  reasonable  for  tlie  lower  polar  strato- 

101 

sphere  in  computations  of  burden  trends  •  figure  143  shows  tlie  decrease 
of  stratospheric  burden  with  time  as  predicted  by  tlie  numerical  eudcl.  A  resi¬ 
dence  half-time  of  5  to  7  months  is  Indicated  for  Die  curve.  T1ie*e  values  are 
generally  lower  than  those  predicted  in  tlie  tropical  injection  and  are  in  reason¬ 
able  accord  with  the  investigators  cited  above. 

The  experimental  results  of  the  polar  injection  presented  above  required 
a  winter  season  adaptation  of  the  model  as  used  for  tlie  tropical  injection.  This 
adaptation  was  considered  to  be  reasonable,  and  the  later  success  of  tlie  four- 
aeasOn  model  of  Project  STREAK  tends  to  substantiate  this. 

Generally  tlie  STREAK  model  gave  results  which  quite  satisfactorily  re¬ 
produced  the  strontlum-90  behavior  for  the  1961-196*1  I'.S.S.R.  and  U.S.A.  atmo¬ 
spheric  test  series.  However  it  is  noteworthy  that  It  did  not  account  for  tlie 
behavior  of  the  tungstcn-18S  as  well  as  did  tlie  STARDIST  mean  uumiul  model. 

Perl  laps  because  of  the  relative  lack  of  seasonal  change  in  tlie  meteorological 
proportion  of  the  tropical  stratosphere  Die  STARDUST  model  more  closely  represents 
the  behavior  of  debris  injected  in  tlie  equatorial  regions  titan  does  the  four- season 
STREAK  model. 
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MONTHS  AFTER  INJECTION 

FIG.  143  OECREASE  OF  STRATOSPHERIC  BURDEN 
WITH  TIME  PREDICTED  BY  NUMERICAL  MODEL 
FOR  POLAR  INJECTION. 
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13.5  Conclusion 

A  numerical  model  of  eddy  diffusion,  |>artirlo  «.«*t 1 1 i m»  and  removal  in 

the  stratosphere-troposphere- earth’s  niri'ace  system  lias  In *1*11  developed  which 

predicts  satisfactorily  the  behavior  of  Inject ions  id*  material  Into  the  limrer 

tropical  stratosphere.  Applying  of  thin  model  to  lower  juilar  At  rat  orpin  rle 

injections  lead  to  predictions  which,  at  leant,  are  not  i>i  gross  error.  The 

model  has  a  relatively  aimple  net  of  parameter#  for  clMrurterizIug  the  t  imiia- 

port-removal  system.  A  prime  feature  of  tin*  model  in  tlut  the  local.  quu#l- 

horizontal  principal  uxiu  of  the  diffusion  ten  nor  lien  In  mi  r  facer  parallel 

to  the  tropopauae.  Thia  in  an  empirical  result  of  the  present  ntudy. 

It  haa  been  widely  held  that  large-scale  eddy  diffusion  i#  hanically 

(ly) 

an  isentropic  process.  The  obaorvation  wan  made  by  feely  and  Spar  *  that  the 

tungston-185  diatrlbutlon  appeared  to  liovo  been  affected  by  non- i nootropic  motion#. 

Since  baeically,  the  same  data  conaidcred  by  them  were  uned  in  thin  ntndy,  it  in 

perhaps  not  surprising  that  a  "non- i sen tropic”  model  yielded  the  bent  renultn. 

003) 

He  ring  and  Borden^  7  in  studying  ozone  transport,  computed  surface#  of  equal 
potential  vorticity  in  the  stratosphere;  they  concluded  that  the  ozone  transport 
may  occur  In  motions  parallel  to  these  surfaces  which  are  more  nearly  parallel 

/n/\ 

to  the  tropopauae  than  are  the  isentropic  surfaces.  Newell  1  in  studying 
potential  energy-kinetic  energy  relationships  in  the  stratosphere,  concluded 
that  non-iscntropic  processes  took  place  then*,  especially  in  mid- latitude 
regions.  These  findings,  along  with  tlte  current  model  study,  indicate  that  the 
primaiy  large-scale  mixing  processes  in  tlie  lower  stratosphere  may  take  place 
along  surfaces  of  constant  potential  vorticity.  This  statement  must  be  qua! i lied 
us  conjectural,  since  there  are  no  reliable  climatological  stratospheric  potential 
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vorticlty  data  which  could  be  used  in  proof.  The  numerical  experiment  embodied 
in  the  present  study  is,  however,  sensitive  enough  to  show  that  some  non-isentropic 
processes  are  involved  in  large-scale  mixing  motions  of  the  lower  stratosphere, 
furthermore,  it  appears  unnecessary  to  ascribe  a  dominant  role  to  meridional  circu¬ 
lations  in  the  transport  of  material  in  that  portion  of  the  utmosphere. 
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